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) Strategic Plan for U.S. Particle Physics

* The field has come together to make a plan
* Driven by the science
* Meeting fiscal constraints
« Enabling U.S. leadership in the global context
* Resolving key issues for the field

* Providing a continuous flow of results while making
essential investments for the future

The report includes 29 recommendations. Only the main points can be
summarized here, so please read the report for the important details.
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) Panel Members

Hiroaki Aihara (Tokyo) Wim Leemans (LBNL)
Martin Breidenbach (SLAC) Joe Lykken (FNAL)
Bob Cousins (UCLA) Dan McKinsey (Yale)
André de Gouveéa Lia Merminga (TRIUMF)
(Northwestern) Toshinori Mori (Tokyo)

Marcel Demarteau (ANL)  Tatsuya Nakada (Lausanne)
Scott Dodelson (FNAL/ Steve Peggs (BNL)

Chicago) Saul Perlmutter (Berkeley)
Jonathan Feng (UYCII) Kevin Pitts (lllinois)
onnie Fleming (Yale) Steve Ritz (UCSC, chair)

Fabiola Gianotti (CERN) Kate Scholberg (Duke)

Francis Halzen (Wisconsin) Rick van Kooten (Indiana)
JoAnne Hewett (SLAC) Mark Wise (Caltech)

Andy Lankford (UCI)

A very dedicated, hardworking panel!
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) Summary of P5 Process

Particle Physics Project Prioritization Panel (P5)

* Continuous effort to maximize
community interactions

* Three big, open, topical
meetings.

* Four additional panel face-to-
face meetings.

’ C.Ommu.n Ity Town Halls and http.//interactions.org/pd
Discussions. Input portal.

* Project data collection

Upcoming Meetings, Presentations, An i
03/04/2014

* |nternal deliberations

* Peer review of report draft worked by consensus.
* No topic or option was
HEPAP unanimously accepted off the table. Every

alternative we could
Imagine was considered.

the report on 22 May 2014
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) Science Drivers

We distilled the eleven groups of physics questions from
Snowmass® into five compelling lines of inquiry that show great
promise for discovery over the next 10 to 20 years.

The Science Drivers:
Use the Higgs boson as a new tool for discovery

Pursue the physics associated with neutrino mass ’

Identify the new physics of dark matter
Understand cosmic acceleration: dark energy and inflation
Explore the unknown: new particles, interactions, and physical
principles

The Drivers are deliberately not prioritized because they are
iIntertwined, probably more deeply than is currently understood.

A selected set of different experimental approaches that
reinforce each other is required. Projects are prioritized.

The vision for addressing each of the Drivers using a selected
set of experiments — their approximate timescales and how they
fit together — is given in the report.

* See Appendix D and http://www.slac.stanford.edu/econf/C1307292/
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) Summary (1/2)

A vision that starts from the science Drivers, driven by community
discussions and inputs, with criteria to make tough choices and
develop a program.

The enormous physics potential of the LHC, entering a new era with
its planned high-luminosity upgrades, should be fully exploited.

The U.S. should host a world-leading neutrino program.

* An optimized set of short- and long-baseline neutrino oscillation experiments,
with the long-term focus on the Long Baseline Neutrino Facility (LBNF).

« The Proton Improvement Plan (PIP-II) project at Fermilab would provide the
needed neutrino physics capabillity.
Large projects are ordered by peak construction time: the MuZ2e
experiment completion, the high-luminosity LHC upgrades, and LBNF.
« Based on budget constraints, physics needs, and readiness.

The interest expressed in Japan in hosting the International Linear
Collider (ILC) is an exciting development.
» Participation by the U.S. in project construction depends on a number of

important factors, some of which are beyond the scope of P5 and some of
which depend on budget Scenarios.

* As the physics case is extremely strong, all Scenarios include ILC support at
some level through a decision point within the next 5 years.
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) Summary (2/2)

Medium and small projects in areas especially promising for near-term
discoveries and in which the U.S. is in a leadership position, should
move forward under all budget scenarios.

Second- and third-generation dark matter direct detection experiments, the

particle physics components of the Large Synoptic Survey Telescope (LSST)

and cosmic microwave background (CMB) experiments, and a portfolio of

small neutrino experiments.

Another important project of this type, the Dark Energy Spectroscopic

ISnstrum_ent (DESI), would also move forward, except in the lowest budget
cenario.

With a mix of large, medium, and small projects, important physics
resuilcts will be produced continuously throughout the twenty-year P5
timeframe.

In our budget exercises, we maintained a small projects portfolio to preserve
budgetary space for a set of projects whose costs individually are not large
eno]ygh to come under direct P5 review but which are of great importance to
the field.

This is in addition to the aforementioned small neutrino experiments portfolio,
which is intended to be integrated into a coherent overall neutrino program.

Specific investments should be made in essential accelerator R&D
and instrumentation R&D. The field relies on its accelerators and
instrumentation and on R&D and test facilities for these technologies.
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) Significant Changes in Direction (1/2)

* |Increase investment in construction.
 In constrained scenarios, this implies increased fraction of
budget toward construction**
« Reformulate the long-baseline neutrino program as
an internationally designed and funded program,
with Fermilab as host.

« Upgrade the Fermilab proton accelerator complex to
produce the world’s most powerful neutrino beam,
redirecting former Project-X activities and
temporarily redirecting some existing accelerator
R&D toward this effort (a.k.a. PIP-II).

“*For some history of the DOE component of the budget see
http://science.energy.gov/~/media/hep/hepap/pdf/march-2013/HEPAP Mar 2013 JS v3b Siegrist DAY2 FINAL.pdf
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) Significant Changes in Direction (2/2)

 Proceed immediately with a broad second-generation
(G2) dark matter direct detection program. Invest in this
program at a level significantly above that called for in
the 2012 joint agency announcement of opportunity.

* Provide increased particle physics funding of Cosmic
Microwave Background research and projects, as part of
the core particle physics program, in the context of
continued multiagency partnershlps

* Re-align activities in accelerator R&D, which is critical to
enabling future discoveries, based on new physics
information and long-term needs.

* Reassess the Muon Accelerator Program (MAP) and consult
with international partners on the early termination of MICE.

* In the general accelerator R&D program, focus on outcomes
and capabilities that will dramatically improve cost effectiveness

for mid- and far-term accelerators.
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J)\ Experimental and Theoretical Research

« The particle physics research program supports activities that give
meaning to the data.

« Graduate students and postdoctoral researchers have essential roles
in all aspects of this world-leading research. In turn, these young
researchers obtain scientific and technical training. This develops the
next generation of scientific leaders and provides to society a cadre of
young people with extraordinary skills and experience.

 The U.S. has leadership in diverse areas of theoretical research
in particle physics. A thriving theory program is essential for
both identifying new directions for the field and supporting the
current experimental program.

» Theoretical physicists are needed for a variety of crucial activities that include
taking the lead in the interpretation and synthesis of a broad range of
experimental results, progress in quantum field theory and possible new
frameworks for a deeper understanding of Nature, and developing new ideas
into testable models.

» Theoretical research both defines the physics drivers of the field and finds the
deep connections among them.

» As experiments have confronted the Standard Model with increasing
sophistication, theoretical research has provided extraordinary advances in
calculation techniques, pushing the leading edge of both mathematics and
high performance computing.

L. |
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j Three Research-related Recommendations

« Recommendation 6: In addition to reaping timely
science from projects, the research program
should provide the flexibility to support new ideas
and developments.

« Recommendation 7: Any further reduction in level
of effort for research should be planned with care,
including assessment of potential damage in
addition to alignment with the PS5 vision.

« Recommendation 9: Funding for participation of
U.S. particle physicists in experiments hosted by
other agencies and other countries is appropriate
and important but should be evaluated in the
context of the Drivers and the P5 Criteria and
should not compromise the success of prioritized
and approved particle physics experiments.
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) P5 Panel Perspective

This is a challenging time for particle physics. The science is deeply
exciting and its endeavors have been extremely successful, yet
funding in the U.S. is declining in real terms. The report offers
important opportunities for U.S. investment in science, prioritized
under the tightly constrained budget scenarios in the Charge.

We had the responsibility to make the tough choices for a world-class
program under each of these scenarios, which we have done. At the

same time, we felt the responsibility to aspire to an even bolder future.

Wondrous projects that address profound questions inspire and
invigorate far beyond their specific fields, and they lay the foundations
for next-century technologies we can only begin to imagine. Particle
physics is an excellent candidate for such investments.

With foundations set by decades of hard work and support, U.S.
particle physics is poised to move forward into a new era of discovery.

More generally, we strongly affirm the essential importance of
fundamental research in all areas of science.

Our field is ready to move forward.
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) Recent P5 Activities

(ongoing) many consultations and discussions with community members and leaders of projects and
activities in other regions

27 May: 90-minute briefing at the Executive Office of the President (OSTP/OMB, including the examiners for
NSF and DOE and agency representatives). They were very engaged and interested.
28 May: Secretary Moniz briefing (30 minutes)

29 May: briefing and discussion with the APS Physics Policy Council. Speakers were Ritz, Lankford, and
It_)olcky)er. APS President Mac Beasley sent testimony in support of HEP for our hearing on 10 June (see
elow).

2 June: Community presentation, followed by further discussions in various venues.

5 June: Senate Energy and Natural Resources briefing. Pushpa is writing a summary. There were also
statements of support read by Jonathan Bagger, Drew Baden, and Bob Wilson. Joe Lykken was also there
and talked with staffers and others.

6 June: LHCP panel and presentations. Fabiola gave a great talk on future colliders. Dennis Overbye
moderated a panel discussion (Ritz, Arkani-Hamed, Blazey, Bertolucci, Muryama, Roe). Andy and Jim then

summed up.

8 June: CMS meeting in Tahoe.

10 June: House Energy subcommittee hearing. Nigel Lockyer, Natalie Roe, Persis Drell, and Steve Ritz
were invited to testify.

11 June: FNAL Users meeting

12 June: U. Chicago physics department presentation, as well as additional meetings.

16 June: DOE Pl meeting presentation and discussion

16-17 June: Andy will present to the CERN SPC

23-24 June: P5 presentation at the international neutrino meeting in Paris

Other presentations are being planned, including NSAC, ECFA, Advanced Accelerator Workshop in July,
BPA, AAAC, ...

There are also strong letters of support from APS President Beasley and other community organizations.

Still early days, but far enough along that we can now say so far so good! Suggestions always welcome
and needed, as usual.

2014 P5 Report  Building for Discovery

13



) Roles of P5, HEPAP, Agencies

* P5 provides the science drivers and
recommended strategic priorities, particularly
project priorities .

 HEPAP is the "keeper" of the plan and reviews
implementation and progress.

* The agencies, as the stewards of the program,
receive the advice and try to implement the plan
as best they can with the actual budgets.

L. |
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) Discussion

L. |
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) Additional Slides

L. |
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j Particle Physics is Global

The United States and major players in other regions can
together address the full breadth of the field's most urgent
scientific questions if each hosts a unique world-class facility at
home and partners in high-priority facilities hosted elsewhere.

« Hosting world-class facilities and joining partnerships in facilities
hosted elsewhere are both essential components of a global vision.

Strong foundations of international cooperation exist, with the
Large Hadron Collider (LHC) at CERN serving as an example
of a successful large international science project.

Reliable partnerships are essential for the success of
international projects. This global perspective is finding
worldwide resonance in an intensely competitive field.

 The 2013 European Strateqy for Particle Physics report focuses at
CERN on the Large Hadron Collider (LHC) program and envisions
substantial participation at facilities in other regions.

« Japan, following its 2012 Report of the Subcommittee on Future
Pro;ects of High Energy Physics, expresses interest in hosting the
International Linear Collider (ILC), pursuing the Hyper-Kamiokande
experiment, and collaborating on several other domestic and
international projects.

2014 P5 Report  Building for Discovery

17



j March Preliminary Comments Presentation

The 5 Science Drivers
Global vision
Criteria

Topics Discussed at length:
* Review of the key elements of the charge; summary of *
P5 processes and activities since September .
+ Context: .
— The evolution of our field since the previous P5 report
— Big scientific questions and drivers °

— The global nature of our field

+ Key elements of strategic planning:

— Opportunities to address the big scientific questions and how °
they fit together

— Budgetary constraints compared with proposed programs
— National planning in the global context
— Balancing investments

» Discussion of prioritization criteria

» Steps to completion, and communication planning

March 2014 2

Budget scenario
challenges
Ongoing community
interactions

Recall, the Charge specifies three budget scenarios, with ten-year profiles:
A. FY2013 budget baseline: flat for 3 years, then +2% per year.
B. FYZ2014 President’s budget request baseline: flat for 3 years, then +3% per year.
C. Unconstrained: projects “...needed to mount a leadership program addressing

the scientific opportunities...”

Difference between scenarios integrated over the decade is ~$0.5B.
“...consider these scenarios not as literal budget guidance but as an

opportunity to identify priorities and make high-level recommendations.”

L. |
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Table1
Summary of Scenarios

Scenarios Science Drivers ’5
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Project/Activity Scenario A Scenario B Scenario C I Z2 0 VU |+

Large Projects
Muon program: Mu2e, Muon g-2 Y, paZe smallreprofle |y Y vl
HL-LHC Y Y Y v v v | E
LBNFcompopents
LBNF + PIP-II Y, delayedrelativeto |y Y, enhanced v v |1,C
possibly small

ILC R&D only R&D, fhardware contri. |y v v v | E

NuSTORM N N N v I
RADAR N N

TABLE 1Summary of Scenarios A, B, and C. Each major project considered by P5 is shown, grouped by project size and listed in time order based on year of peak construction.
Project sizes are: Large (>$200M), Medium ($50M-$200M), and Small (<$50M). The science Drivers primarily addressed by each project are also indicated, along with the
Frontier technique area (E=Energy, I=Intensity, C=Cosmic) defined in the 2008 P5 report.
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Project/Activity

Medium Projects

Scenarios Science Drivers
f. - S
U | o c;>
(7] - (%]
o =l [w) c
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| 5| X £
L R
Scenario A Scenario B Scenario C I 2 0o o |+

Technique (Frontier)

LSST Y Y Y v v C
DM G2 Y Y Y v C
Small Projects Portfolio Y Y Y v v | v Vv IAl
Accelerator R&D and Test Facilities Y, reduced Y, E%’Effi%ﬁiﬂfh Y, enhanced v vV v | E|l
CMB-54 Y Y Y v v C
DM G3 Y, reduced Y Y v C
PINGU Further development of concept encouraged v v C
ORKA N N N v
MAP N N N vVivi v v |E,|l
CHIPS N N N v I
LA N N N v I
Additional Small Projects (beyond the Sm
DESI N Y Y v v C
Short Baseline Neutrino Portfolio Y Y Y v I

TABLE 1Summary of Scenarios A, B, and C. Each major project considered by P5 is shown, grouped by project size and listed in time order based on year of peak construction.
Project sizes are: Large (>$200M), Medium ($50M-$200M), and Small (<$50M). The science Drivers primarily addressed by each project are also indicated, along with the
Frontier technique area (E=Energy, I=Intensity, C=Cosmic) defined in the 2008 P5 report.
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O

DRAFT FOR APPROVAL Buiding forDiscovery: Strategic Plan for U.S. Particle Physicsinthe Global Context

Figure1
Construction and Physics Timeline

Project 2030 2035

Currently operating

Large Projects

Mu2e

LHC: Phase 1 upgrade

HL-LHC

LBNF

ILC

Medium and Small Projects

LSST

DESI

DM G2

DM G3

CMB S4

i
i

FIGURE 1 Approximate construction (blue; above line) and expected physics (green; below line) profiles for the recommended major projects, grouped by size
(Large [>$200M] in the upper section, Medium and Small [<$200M] in the lower section), shown for Scenario B. The LHC: Phase 1 upgrade is a Medium project, but
shown next to the HL-LHC for context. The figure does not show the suite of small experiments that will be built and produce new results regularly.
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j Program-wide Recommendations (Building)

Unlike other regions in the world, in recent years the U.S. particle physics

program has not invested substantially in construction of experimental

facilities. Addressing the Drivers in the coming and subsequent decades

requires renewed investment in projects. In constant or near-constant

budgets, this implies an increase in the fraction of the budget that is invested

ig] ?ew)projects, which is currently approximately 16% (and was even lower
efore).

Recommendation 5: Increase the budget fraction invested in
construction of projects to the 20%—-25% range.

This represents a large commitment to building new experiments, which we
see as essential. Increasing the project fraction would necessarily entail
judicious reductions in the fractions of the budget invested in the research
program and operations. (The three main budget categories are project
construction, the research program, and operations.)

In addition, for the research program, which has seen reductions in recent
years, flat-flat budgets are substantially detrimental over time due to
escalation of real costs. To limit reductions in research program funding, we
adopted a guideline that its budget fraction should be >40% in our budget
planning exercises.
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) Multidisciplinary Aspects

Multidisciplinary connections are of great importance to particle
physics. For example, the study of the particle physics of dark
energy and inflation is performed by astrophysical techniques
employing the detector technologies and computing techniques
of particle physics. The research can also provide information
on neutrino properties.

In a different manner, studies traditionally carried out by nuclear
physics to determine if the neutrino is its own antiparticle inform
the particle physics campaign to address the neutrino science
Driver.

The support from different agencies, linked by the
multidisciplinary nature of the science, enables new capabilities
of mutual benefit.

For multidisciplinary projects that receive particle physics
funding, our criteria include a check that the distribution of
support reflects the distribution of anticipated science topics
and that particle physicist participation is necessary for project
success. Similar criteria were developed and used by the 2009
PASAG panel.
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) Thanks!

* Our community’s passion, dedication, and
entrepreneurial spirit have been inspirational.

* To our colleagues across our country and around
the world, we say a heartfelt thank you. Every
request we made received a thoughtful response,
even when the requests were substantial and the
schedules tight. A large number of you submitted
inputs to the public portal, which we very much
appreciated.

The report includes 29 recommendations. Only the main points can be
summarized here, so please read the full report for the important details.
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