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• Snowmass process, timeline and organization


• Advanced Accelerators Topical Group (AF6) conclusions/recommendations


• Messaging from other frontiers, topical groups and forums:


- Accelerator Frontier (AF)


- Energy Frontier (EF)


- e-e+ Collider Forum


- Multi-TeV Collider Topical Group (AF4)


- Implementation Task Force (ITF)


• Other perspectives


• Particle Physics Project Prioritization Panel (P5)


• Summary



U.S. Strategic Planning Process for Particle Physics

~year-long process

Community-Wide Science Study 

(a.k.a. “Snowmass”)

Define the most important questions for the field 

Identify promising opportunities to address them

Organized by DPF 

w/ other related divisions (DPB, DNP, DAP, DGRAV)

~year-long process

Particle Physics 

Project Prioritization Panel (“P5”)
Formulate a 10-year execution plan 

(20 year vision) within funding constraints

Subpanel of High Energy Physics Advisory 

Panel for DOE/NSF funding agencies

Particle Physics is not isolated:

Snowmass process involves communities and their strategies/plans from related fields 

(Accelerator, Nuclear, Astro, Gravitational, AMO, …)

Input to P5

2014 plan

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27Year

2023 plan2008 planU.S.

Snowmass 2021    P5

2013 plan 2020 plan2007 plan 

Particle Physics is global:

Snowmass process involves the international community and strategies/plans from other regions

Europe

Snowmass 2013 P5 2014

ECFA Meeting 2020-11-20 Young-Kee Kim (U.Chicago), Snowmass Process 2

U.S. Strategic Planning Process for Particle Physics
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Related to other US domestic programs such as the National Academy of Sciences (NAS) Decadal Survey on Astronomy 
& Astrophysics (2020) and the NAS Decadal Survey of Elementary Particle Physics (2021)


as well as international programs: the 2017 JAHEP/KEK Roadmap (SuperKEKB, J-PARC, Hyper-K, ILC), the 2020 Update 
of the European Strategy for Particle Physics and the Latin America’s Strategy Forum for Research Infrastructure

1 Year COVID ‘pause’



Snowmass'21 Activities Managed by Frontiers and Topical Groups
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7/17/22 Snowmass Greeting, July 17, JB 21

10 Frontiers 80 Topical Groups

Energy
Higgs Boson properties and couplings, Higgs Boson as a portal to new physics, Heavy flavor and top quark physics, EW Precision 

Phys. & constraining new phys., Precision QCD, Hadronic structure and forward QCD, Heavy Ions, Model specific explorations, 

More general explorations, Dark Matter at colliders

Neutrino Physics
Neutrino Oscillations, Sterile Neutrinos, Beyond the SM, Neutrinos from Natural Sources, Neutrino Properties, Neutrino Cross 

Sections, Nuclear Safeguards and Other Applications, Theory of Neutrino Physics, Artificial Neutrino Sources, Neutrino 

Detectors

Rare Processes Weak Decays of b and c, Strange and Light Quarks, Fundamental Physics and Small Experiments. Baryon and Lepton Number 

Violation, Charged Lepton Flavor Violation, Dark Sector at Low Energies, Hadron spectroscopy

Cosmic
Dark Matter: Particle-like, Dark Matter: Wave-like, Dark Matter: Cosmic Probes, Dark Energy & Cosmic Acceleration: The 

Modern Universe, Dark Energy & Cosmic Acceleration: Cosmic Dawn & Before, Dark Energy & Cosmic Acceleration: 

Complementarity of Probes and New Facilities

Theory
String theory, quantum gravity, black holes, Effective field theory techniques, CFT and formal QFT, Scattering amplitudes, 

Lattice gauge theory, Theory techniques for precision physics, Collider phenomenology, BSM model building, Astro-particle 

physics and cosmology, Quantum information science, Theory of Neutrino Physics

Accelerator
Beam Physics and Accelerator Education, Accelerators for Neutrinos, Accelerators for Electroweak and Higgs Physics, Multi-TeV 

Colliders, Accelerators for Physics Beyond Colliders & Rare Processes, Advanced Accelerator Concepts, Accelerator Technology 

R&D: RF, Magnets, Targets/Sources

Instrumentation
Quantum Sensors, Photon Detectors, Solid State Detectors & Tracking, Trigger and DAQ, Micro Pattern Gas Detectors, 

Calorimetry, Electronics/ASICS, Noble Elements, Cross Cutting and System Integration, Radio Detection

Computational Experimental Algorithm Parallelization, Theoretical Calculations and Simulation, Machine Learning, Storage and processing 

resource access (Facility and Infrastructure R&D), End user analysis

Underground Facilities Underground Facilities for Neutrinos, Underground Facilities for Cosmic Frontier, Underground Detectors

Community Engagement Applications & Industry, Career Pipeline & Development, Diversity & Inclusion, Physics Education, Public Education & Outreach, 

Public Policy & Government Engagement

Snowmass Early Career Snowmass Early Career to represent early career members and promote

• 30 Frontier conveners


• ~250 Topical Group 
conveners


• >40 Inter-frontier liaisons


• ~25 Early Career liaisons

In principle only gathering and summarizing information and leave prioritization to P5

Accelerator Frontier 
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Implementation 
Task Force (ITF)

(See later slide)

AF6: Advanced Accelerator Concepts AF4: Multi-TeV Colliders

Link to reports: https://snowmass21.org/accelerator/start

e+e- collider forum: 
Maria Chamizo Llatas, 
Sridhara Dasu, Ulrich Heintz, 
Emilio A. Nanni, John Power, 
Stephen Wagner

AAC Relevant Accelerator Frontier Topical Groups
Accelerator Frontier Topical Groups and Conveners

9 out of 29 are representatives of Asia and Europe; 5 women

Topical Group Topical Group co-Conveners

AF1 Beam Phys & Accel. Education Z. Huang (Stanford) M. Bei (GSI) S. Lund (MSU)

AF2 Accelerators for Neutrinos J. Galambos (ORNL) B. Zwaska (FNAL) G. Arduini (CERN)

AF3 Accelerators for EW/Higgs F. Zimmermann 
(CERN)

Q. Qin (IHEP, Beijing) G. Hoffstaetter
(Cornell)

Angeles Faus-
Golfe (IN2P2)

AF4 Multi-TeV Colliders M. Palmer (BNL) A. Valishev (FNAL) N Pastrone (INFN, 
Torino)

J.Tang (IHEP, 
Beijing)

AF5 Accelerators for PBC and Rare 
Processes

E. Prebys (UC Davis) M. Lamont (CERN) R.Milner (MIT)

AF6 Advanced Accelerator Concepts C. Geddes (LBNL) M. Hogan (SLAC) P. Musumeci (UCLA) R. Assmann 
(DESY)

AF7 Accelerator Technology R&D

Sub-group RF E. Nanni (SLAC) S. Belomestnykh (FNAL) H. Weise (DESY)

Sub-Group Magnets G. Sabbi (LBNL) S. Zlobin (FNAL) S. Izquierdo Bermudez (CERN)

Sub-Group Targets & Sources C. Barbier (ORNL) Y. Sun (ANL) F. Pellemoine (FNAL)

AF6 Co-conveners 
for Snowmass and 
Observers for the 

European LDG 
activity

https://arxiv.org/search/hep-ex?searchtype=author&query=Llatas,+M+C
https://arxiv.org/search/hep-ex?searchtype=author&query=Dasu,+S
https://arxiv.org/search/hep-ex?searchtype=author&query=Dasu,+S
https://arxiv.org/search/hep-ex?searchtype=author&query=Heintz,+U
https://arxiv.org/search/hep-ex?searchtype=author&query=Nanni,+E+A
https://arxiv.org/search/hep-ex?searchtype=author&query=Nanni,+E+A
https://arxiv.org/search/hep-ex?searchtype=author&query=Power,+J
https://arxiv.org/search/hep-ex?searchtype=author&query=Wagner,+S
https://arxiv.org/search/hep-ex?searchtype=author&query=Wagner,+S
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• July 2020 Weekly AF6 meetings initiated


• August 2020 Letters of Interest (LOIs) submitted 


• September 2020 AF6 Snowmass prep LOI Workshop


• Discuss 71 submitted LOIs


• Encourage collaboration to group into focussed set of 
contributed papers with coherent message


• October 2020 Community planning meeting


• Topical interest groups formed focussed around 
contributed papers


• The long pause…(but connected to ES/LDG process)


• December 2021 AF6 Contributed Paper Planning Meeting


• Scheduled review for each paper in coming weeks


• February 2022 AF6 Review of all Contributed Paper Dafts


• July 2022 Pre-Snowmass review of AF6 Summary


Snowmass in Seattle

https://snowmass21.org/accelerator/advanced/start#white_paper_coordination

It was a long 
and busy 

couple years!

In addition:


• Positron polarization


• AAC Agora


• e-e+ Collider Forum


• Cross Frontier Workshops with EF-TF-AF#


• ITF


• …

AF6: Coordination Meetings and Timeline



AF6 Summary Report
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Next few slides: highlights with representative report text

Report of Snowmass 21 Accelerator 
Frontier Topical Group 6 on 

Advanced Accelerators


https://arxiv.org/abs/2208.13279#

https://arxiv.org/abs/2208.13279#


AF6: Priority Research Directions 
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Rapid Experimental Progress Since Last Snowmass
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LWFA: 8 GeV energy gain in 20 cm stage using BELLA PW laser

PWFA: 9 GeV in 1.3 m using SLAC at FACET


New: 12 GeV from LWFA at U Texas (submitted)

M. Litos et al. PPCF (2015)

C. A. Lindstrom et al. PRL (2021)

42% transfer efficiency 
with 0.2% energy spread

B. O’Shea et al. Nature Comm. (2016)

Also: positron PWFA, hollow channels for low emittance growth, 0.1 micron emittance 

Plasma recovery at high rep-rate

Proof-of-principle staging of LWFAs (~100 MeV energy gain) 
using high gradient plasma-lenses 

Optimized beam loading in PWFA

enables uniform, high-efficiency acceleration. 

Demonstration >1GeV/m gradients 
SWFA dielectric structures.

Demonstration 0.5 GW power 
SWFA structures.

S. Steinke et al. Nature (2016)

A. J. Gonsalves et al. PRL (2019)

R. D’Arcy et al., Nature (2022)

Driver Technology:

Superconducting XFELs, New laser technology (fibers, Thulium) promise high average power at high efficiency



Wakefield-based Colliders:

Staged High-gradient Accelerators with Geometric Gradients 0.2 - 2 GeV/m 

10

• Collider designs have been developed to guide research priorities (efficiency, 
staging…)


• Allows better engagement with traditional collider community

Next step – integrated design studies



Integrated Design Study and Near Term Applications
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European Strategy for Particle Physics Roadmap for Accelerator 
R&D highlights the need for pre-CDR study 

Strong overlap of AAC with compact light sources



AF6 Recommendations (1/3)
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Plasma Acceleration Based Light Sources
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PWFA FEL:

R. Pompili et. al, Nature  Vol 605 (2022)

LWFA FEL: W. Wang et. al, Nature  Vol 595 (2021)

Seeded FEL: M. Labat et al.: DOI:10.21203/rs.3.rs-1692828/v1

LWFA Thomson precision imaging

http://dx.doi.org/10.21203/rs.3.rs-1692828/v1


Strong Role in Workforce Development 
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• Over 1000 research papers published 
annually in advanced and novel 
accelerators


• Spawning numerous new ideas, 
concepts, techniques that will help bring 
a future advanced accelerator based 
collider to fruition


• Attracts students and new researchers 
to the field


• Provides opportunities that are 
important for involving more diverse 
communities


• Support the goals expressed in the CEF 
papers  for diversity, equity and inclusion



AF6 Recommendations (2/3)
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AF6 Recommendations (3/3)
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AF6 Takeaway Messages
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• Advanced accelerators in beam and laser driven structures/plasmas offer potential for 
compact, energy efficient future e-e+/gg colliders to 15 TeV range with few TeV/km 
geometric gradients


• Strong progress since last Snowmass assessing limits and with experimental demonstrations 


- Experimental results: 10 GeV class beams, beam loading & efficiency, plasma recovery, 
staging, high transformer ratio, positrons, and FEL-lasing demonstrating high beam 
quality


- Concepts addressing: ion motion, synchrotron radiation, scattering, hosing and positron 
acceleration 


• The next steps are a collider Integrated Design Study to advance overall technical maturity 
combined with strengthened R&D including test facilities and near term applications. 


- Includes: alignment and jitter tolerances, matching/coupling between many’s of stages, 
optimized BDS and Final focus


- Stepping stones leading to a collider demonstrator and future colliders



Selected Highlights from the AF Summary Report Exec. Summary
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Full Report: https://arxiv.org/abs/arXiv:2209.14136

• In addition, since the last Snowmass meeting that took place in 2013 was shortly after the confirmation 
of the Higgs, the goals for the Energy Frontier have changed as a result of the LHC measurements. While 
a Higgs/EW factory at 250 to 360 GeV is still the highest priority for the next large accelerator project, 
the motivation for a TeV or few TeV e+e collider has diminished. Instead, the community is focused on a 
10+ TeV (parton c.m.e) discovery collider that would follow the Higgs/EW Factory. This is an important 
change that will refocus some of the accelerator R&D programs. 


• Advanced wakefield accelerator concepts should strive toward demonstration of collider quality 
beams, efficient drivers and staging, and development of self-consistent parameter sets for potential 
colliders based on wakefield acceleration in plasma and structures (in close coordination with 
international programs such as the European Roadmap, EuPRAXIA, etc.); 


• Finally, in accelerator and beam physics - the focus should be on experimental, computational and 
theoretical studies on acceleration and control of high intensity/high brightness beams, high 
performance computer modeling and AI/ML approaches, and design integration and optimization. The 
program should also include the overall energy efficiency of future facilities and re-establish a program 
of beam physics research on general collider-related topics towards future e+e colliders and muon 
colliders. 


• Strengthen and expand capabilities of the US accelerator beam test facilities to maintain their 
competitiveness with respect to worldwide capabilities. 

https://arxiv.org/abs/arXiv:2209.14136


Selected Highlights from the AF Summary Report Exec. Summary
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Full Report: https://arxiv.org/abs/arXiv:2209.14136

• In addition, since the last Snowmass meeting that took place in 2013 was shortly after the confirmation 
of the Higgs, the goals for the Energy Frontier have changed as a result of the LHC measurements. While 
a Higgs/EW factory at 250 to 360 GeV is still the highest priority for the next large accelerator project, 
the motivation for a TeV or few TeV e+e collider has diminished. Instead, the community is focused on a 
10+ TeV (parton c.m.e) discovery collider that would follow the Higgs/EW Factory. This is an important 
change that will refocus some of the accelerator R&D programs. 


• Advanced wakefield accelerator concepts should strive toward demonstration of collider quality beams, 
efficient drivers and staging, and development of self-consistent parameter sets for potential colliders 
based on wakefield acceleration in plasma and structures (in close coordination with international 
programs such as the European Roadmap, EuPRAXIA, etc.); 


• Finally, in accelerator and beam physics - the focus should be on experimental, computational and 
theoretical studies on acceleration and control of high intensity/high brightness beams, high 
performance computer modeling and AI/ML approaches, and design integration and optimization. The 
program should also include the overall energy efficiency of future facilities and re-establish a program 
of beam physics research on general collider-related topics towards future e+e colliders and muon 
colliders. 


• Strengthen and expand capabilities of the US accelerator beam test facilities to maintain their 
competitiveness with respect to worldwide capabilities. 

https://arxiv.org/abs/arXiv:2209.14136
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From the Energy Frontier Executive Summary

Majority of the EF community does not recognize AAC technologies as realistic technological options

for either Higgs Factories and multi-TeV collider

Full Report: https://arxiv.org/abs/2211.11084

https://arxiv.org/abs/2211.11084


From the Energy Frontier Executive Summary
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The EF community proposes several parallel investigations over a time period of ten years or more for pursuing its most 
prominent scientific goals, namely


1. supporting the full (3 - 4.5 ab1) HL-LHC physics program

2. proceeding with a Higgs factory

3. planning for multi-TeV colliders at the energy frontier


The proposed plans in five year periods starting 2025 are given below.


For the five year period starting in 2025:

1. Prioritize the HL-LHC physics program, including auxiliary experiments

2. Establish a targeted e+e Higgs factory detector R&D program

3. Develop an initial design for a first stage TeV-scale Muon Collider in the US

4. Support critical detector R&D towards EF multi-TeV colliders


For the five year period starting in 2030:

1. Continue strong support for the HL-LHC physics program

2. Support construction of an e+e Higgs factory

3. Demonstrate principal risk mitigation for a first stage TeV-scale Muon Collider


Plan after 2035:

1. Continuing support of the HL-LHC physics program to the conclusion of archival measurements

2. Support completing construction and establishing the physics program of the Higgs factory

3. Demonstrate readiness to construct a first-stage TeV-scale Muon Collider

4. Ramp up funding support for detector R&D for energy frontier multi-TeV colliders.



From the Executive Summary Report of

the Snowmass 2021 e+e– Collider Forum
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Recognition of the potential of WFAs and the need for continued R&D

Gradient and Efficiency (Luminosity per unit power) are important 

Full Report: https://arxiv.org/abs/2209.03472

https://arxiv.org/abs/2209.03472
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AF4 (multi-TeV Colliders) Evaluated Maturity of Collider Concepts 
Review of hadron and lepton colliders options, with focus on evaluating the maturity of the 
various concepts and the type of support that will be required to provide the high energy 
physics (HEP) community with the design inputs required for a machine decision.

• Earliest timescale for making a construction 
decision for a 10+ TeV machine will be 
sometime in the next decade


• Interest remains in the possibility of 
alternative paths exploring the TeV-scale 
including lepton-ion and g-g colliders.


• Significant R&D required to mature 
concepts in the yellow shaded area. 
Green maturity level required for decision 
making and informed comparison. 10+ 
TeV options highlighted in blue

Continued progress in R&D, technology demonstrations with first applications and 
proceeding with an Integrated Design Study can move WFA concepts in the ‘right’ direction



From the Snowmass Summary Report Executive Summary
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Will a National Collider Initiative include AAC concepts? “You’re not ready for that” - T. Raubenheimer



AF Implementation Task Force
• Key question for Snowmass’22 Accelerator Frontier to address: “…What 

are the time and cost scales of the R&D and associated test facilities as 
well as the time and cost scale of the facility?” 

• The Accelerator Implementation Task Force is charged with developing 
metrics and processes to facilitate the evaluation of proposals and 
allow a fair comparison between between them, including the 
expected costs, using the same accounting rules, schedule, and R&D 
status.

• Liaison with Energy Frontier: Dimitri Denisov, Meenakshi Narain

• Liaison with Theory Frontier: LianTao Wang 

5

Steve Gourlay
(LBNL)

Tor Raubenheimer
(SLAC)

Vladimir Shiltsev
(FNAL)

Thomas Roser 
(BNL, Chair)

Jim Strait
(FNAL)

John  Seeman
(SLAC)

Philippe Lebrun 
(CERN)

Katsunobu Oide 
(KEK)

Reinhard Brinkmann
(DESY)

Spencer Gessner 
(SLAC)

Marlene Turner 
(LBNL)

Sarah Cousineau 
(ORNL)

The Implementation Task Force (ITF)
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• Key question for Snowmass’22 Accelerator Frontier 
to address: “...What are the time and cost scales of the 
R&D and associated test facilities as well as the time 
and cost scale of the facility?” 


• The ITF was charged with developing metrics and 
processes to facilitate the evaluation of facility 
proposals and allow a fair comparison between 
between them, including the expected costs, using the 
same accounting rules, schedule, and R&D status
Developed a parameter spreadsheet and 
solicited community input:


• Higgs factory colliders with a typical CM 
energy of 250 GeV


• High energy lepton colliders with up to 3 TeV 
CM energy


• Lepton and hadron colliders with 10 TeV or 
higher parton CM energy Lepton-hadron 
colliders

Marlene’s talk from Elba: https://agenda.infn.it/event/28376/contributions/179407/

https://agenda.infn.it/event/28376/contributions/179407/
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AAC Community responded by providing parameter sets for cme up to 15 TeV as 
Input to the ITF and the AF (see details in white papers and ITF report)

AF6 (+AAC Community) Prepared 1-15 TeV Collider Parameter Sets

AF6 report:  
“…to reducing the dimensions, CO2 
footprint and costs of future high 
energy physics machines, with the 
potential to reduce power 
consumption and offer e+e- and 𝛾 − 𝛾 
machines to and beyond 15 TeV 
energies.”

Selling points for AAC Concepts:


1.Compact


2.Lower power consumption


3.Lower cost
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ITF Report Compares 1-15 TeV Lepton Collider Luminosity and TRL

For all collider concepts the ITF took proponents inputs(energy, luminosity…) ‘as is’ with no pushback

Snowmass’2021 AF-EF-TF: Collider Implementation Task Force Report

Figure 4: Figure-of-merit Peak Luminosity (per IP) per Input Power and Integrated Luminosity per
TWh. Integrated luminosity assumes 10

7 seconds per year. The luminosity is per IP. Data points are
provided to the ITF by proponents of the respective machines. The bands around the data points
reflect approximate power consumption uncertainty for the different collider concepts.

4.3 Facility size

An overview of collider sizes (as provided by proponents) is shown in column 3 of Tab. 16. Collider
Size refers to either the length of a linear collider (main linac plus final focus) or the circumference of a
circular collider main ring, without the injector complex. The ITF defined four size categories (shown
in Tab. 16): light blue (1) for colliders that are designed to be shorter then 10 km, medium blue (2)
for colliders between 10-20 km, blue (3) for colliders between 20-50 km and dark blue (4) for machines
with a length or circumference larger than 50 km.

The length of HEP linear colliders is typically dominated by the distance required for particle ac-
celeration and is proportional to final beam energy (approximately the product of 2⇥ the final beam
energy and the accelerating gradient). Using acceleration technologies with higher accelerating gradi-
ents allows to decrease acceleration length and is responsible for the different lengths of similar energy
linear colliders. For example, superconducting radio-frequency cavities accelerate with a gradient of
⇠ 30 MV/m (ILC), CLIC is based on the two-beam acceleration scheme with copper cavities and ac-
celerates with ⇠ 100 MV/m, while plasma-based accelerators can provide peak gradients of 103 � 10

5

MV/m (LWFA, PWFA). Adding to the length required for acceleration is the length required for the
beam delivery system (final focusing), which also increases with increasing with beam energy.

Overview of linear collider sizes:

• < 10 km, Category 1: CCC (0.25 TeV), XCC (0.125 TeV), LWFA (3 TeV), LWFA (15 TeV)

• 10� 20 km, Category 2: ReLiC (0.24 TeV), ILC (0.25 TeV), CLIC (0.38 TeV), PWFA (3 TeV),
SWFA (3 TeV), PWFA (15 TeV)

• 20� 50 km, Category 3: ERLC (0.24 TeV), CCC (3 TeV), CLIC (3 TeV)

Page 24



Collider Cost Estimate

• Based on 30 parameter model developed by the ITF

• Upper bound (if build right now)

• Lower bound (estimated after technology R&D), however it is 

noted in the report that additional cost reduction R&D may 
further reduce costs

ITF Full Report: https://arxiv.org/abs/2208.06030
28

ITF Evaluated and Compared Collider Properties

$B

https://arxiv.org/abs/2208.06030


We will Need a Dramatic Increase in Political/Financial Support to

Realize Many of the Collider Concepts Discussed at Snowmass and in the ITF
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Accelerators: Not only HEP
approx. total cost of accelerator construction projects/decade

07/22/2022 Shiltsev | Accelerator Frontier 7
2000          2010          2020          2030         2040

B$

2

4

8

6

LHC
J-PARC
VEPP-2000

SNS, LCLS,
Diamond,

etc

S-KEKB, LIU 

FRIB, SLS
CSNS, XFEL, 

SwissFEL, PAL,
ESRF-U, NICA
SXFEL, FAIR,

NSLS-II,
Spring-8, 

Sirius, 
etc

HL-LHC
PIP-II, LBNF

LCLS-II/HE
EIC, APS-U 
FAIR, ESS,

SHINE, 
NICA

ALS-U, 
SKIF, 

PETRA-IV, etc

PIP-III?
collider?

SNS-STS, 
X-sources
LCLS-X 
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?

?

?

?

?

?

?

?

?

? ?

HEP (colliders, neutrino, etc)
Non-HEP (NP. BES, etc) 

Shiltsev | Accelerator Frontier 8
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07/22/2022

From V. Shiltsev Snowmass presentation ‘Beams, Accelerator R&D and Future Facilities: Accelerator Frontier Vision’

https://indico.fnal.gov/event/22303/contributions/245315/attachments/157756/207133/AF_Colloquium_CSS_072222_v5.pdf

https://indico.fnal.gov/event/22303/contributions/245315/attachments/157756/207133/AF_Colloquium_CSS_072222_v5.pdf


https://en.wikipedia.org/wiki/Snowmass_Process

30

• No unexpected particles were observed in the first 15 years of data-taking at the Large Hadron 
Collider (LHC) – this lack of discovery leaves no clear focus for the next decade of high energy 
searches


• Physicists argued for precision measurements at a Higgs factory…Muon colliders were discussed at 
the 2013 Snowmass, but shelved due to insufficiently advanced technology. However, at the 2022 
final Snowmass meeting there was an “enthusiastic revival” of the concept


• The possibility of establishing any major new project in the US in the 2023-2033 decade, including a 
Higgs Factory, is limited due to the rising costs and multi-year delays of existing projects.


• In particular, at Snowmass, physicists expressed deep concern about the Deep Underground 
Neutrino Experiment (DUNE) project, which has risen from a base cost of $1.3B in 2015 to $3.1B for 
a de-scoped instrument. Cost over-runs and delays of DUNE are problematic due to stiff competition 
from a similar experiment in Japan, leaving physicists to question the value of DUNE results when 
they are obtained. Worries were expressed by physicists that issues with DUNE were “smoothed 
over, not smoothed out.’’ Some physicists at Snowmass suggested that the DUNE project might be 
cancelled, comparing the ominous cost-growth to the Superconducting Super Collider (SSC) that was 
cancelled when the cost tripled.



P5 Process is Underway
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http://hitoshi.berkeley.edu/P5/


Chaired by Hitoshi Murayama (Berkeley)


Town Halls (in person) have been scheduled, additional 
virtual Town Halls TBD


• Lawrence Berkeley National Laboratory: Cosmic 
Frontier (except for High-Energy Astrophysics and 
Gravitational Wave), February 22-24


• Fermilab/Argonne: Neutrino, Rare Processes and 
Precision Frontier, High-Energy Astrophysics, Mar 21, 
22, 24 (Fermilab), 23 (Argonne)


• Brookhaven: Energy, Instrumentation, Computational 
Frontiers, Gravitational Wave, Apr 12-14


• SLAC: Underground, Accelerator, Theory Frontiers, 
Community Engagement, May 3-5

Most are not 
accelerator 

people

http://hitoshi.berkeley.edu/P5/


Looking to P5 and Beyond – What Should Our Community Do?
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• Reframing of LC Higgs Factory as first step toward multi-TeV linear colliders (HEP-Ex and HEP-
Th want 10+ TeV because LHC excluded a lot)


- Emphasis on e-e+ or gamma-gamma WFA for multi-TeV upgrade

• Broaden our participation in non-AAC meetings/workshops, e.g.


- Muon collider workshop – March, UCSB

- 2023 International Workshop on Future Linear Colliders (LCWS2023) – May


‣ https://indico.slac.stanford.edu/event/7467/overview

• WFA has made significant progress since last Snowmass – conveying that progress and status 

is important as it is not well known

• Engage the particle and detector physicists – we have unique and interesting issues with WFA 

detectors e.g. short bunches. Relaying concept parameters so they can have to something to 
calculate with is very important.


• WFA wants to move from a Strawman to self-consistent sets of parameters with support for an 
Integrated Design Study, but we need engagement from the linear collider community and the 
particle physicists working on detectors to make that a reality

https://indico.slac.stanford.edu/event/7467/overview


Summary & Outlook
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• Snowmass is a science focused planning exercise that occurs every 8 years to create a 
vision for particle physics in the next decade(s)


• Recently, Snowmass2021 process culminated in meeting in July 2022


• Information in the Snowmass proceedings (reports) now goes to P5 to set funding 
priorities for the U.S Government


• Exploiting LHC is immediate priority but longer term aspirations have shifted from a 
few TeV to precision Higgs Factory then discovery machine at 15TeV (c.m.e./parton)


• Accelerator Frontier and other reports encourage continued R&D and emphasize the 
need for designs with documented self-consistent parameter sets and identified 
technology gaps


• Energy Frontier is not convinced AAC technologies are viable options  – we need to 
share our progress and engage broader communities in our planning to change this 
mindset


