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o Snowmass and AF 4
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e AF4 Concept Maturity Evaluation
e AF4 Outcomes
e Summary & Conclusions
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Snowmass and AF4

Ten Frontiers:

e Energy Frontier

« Neutrino Physics Frontier Seven Working Groups within the AF:

e Rare Processes and Precision
Measurements Frontier

e Cosmic Frontier

e Theory Frontier

e Accelerator Frontier

e Instrumentation Frontier

e Computational Frontier

e Underground Facilities

e Community Engagement

e AF1: Beam Physics and Accelerator Education
AF2: Accelerators for Neutrinos

AF3: Accelerators for EW/Higgs

AF4: Multi-TeV Colliders

AF5: Accelerators for PBC and Rare Processes
AF6: Advanced Accelerator Concepts

AF7: Accelerator Technology R&D


https://snowmass21.org/accelerator/outreach/start
https://snowmass21.org/accelerator/neutrino/start
https://snowmass21.org/accelerator/higgs/start
https://snowmass21.org/accelerator/energy_frontier/start
https://snowmass21.org/accelerator/pbc/start
https://snowmass21.org/accelerator/advanced/start
https://snowmass21.org/accelerator/technology/start
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Collect Community Input via LOIs and White Papers
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Energy Frontier Desires > 10 TeV CoM Collider

Part of the Snowmass Goal: Enable communication between Frontiers.

e Message from the Energy Frontier: interest to explore particle collisions where the constituent
center-of-mass energy is E(cm) > 10 TeV.

o challenge for HEP community: collider concepts that can achieve >10 TeV energy scale have

a broad spread in maturity
o focus of AF4 has been a review of the machine options for hadron and lepton collider
technologies that may provide a path to this threshold,
m evaluate their maturity.



Energy Frontier Desires > 10 TeV CoM Collider

e Message from the Energy Frontier: interest to explore particle collisions where the constituent
center-of-mass energy is E(cm) > 10 TeV.

o focus of AF4 has been a review of the machine options for hadron and lepton collider
technologies that may provide a path to this threshold,
m evaluate their maturity.

e Earliest timescale for making a construction decision for such a discovery machine will be
sometime in the next decade.



AF /4 Maturity Evaluation

Design

Maturity

Maturity Criteria #1 (Design Maturity)

Maturity Criteria #2 (R&D Maturity)

No end-to-end design concept prepared

No end-to-end design concept prepared

Concept proposed, but no systematic design requirements and/or
parameters available.

Concept proposed, proof-of-principle R&D underway

2 End-to-end preliminary design concept under development Ongoing R&D to address fundamental physics/technical issues.
3 End-to-end preliminary design concept available Sub?sy_stem op?ratmg parameners estabnll-shed basedo
preliminary design concepts for novel/critical sub-systems
4 End-to-end integrated design concept under development PreImeary IR TR pérameters
established for all sub-systems. Sub-system design R&D underway.
- End-to-end integrated design concept available. Enables end-to- [Sub-system preliminary designs exist. Sub-system design R&D
end performance evaluation. continues.
End-to-end performance evaluation complete. Reference (pre- S
6 ; Sub-system performance risk assessment complete.
CDR level) Design Report under development.
- Reference Design available. Sub-system parameters and high Sub-system detailed design and performance R&D for highest risk
potential alternatives documented. sub-systems underway.
5 Conceptupal Design Report in preparation. Suh-sYﬂem spleclﬁn-:atlons with validated operating parameters
established. High risk sub-system R&D underway.
9 Conceptual Design Report and detailed cost estimate available. eV SemIRED ongouﬁng. Rscmiticationstratesyian
sub-system performance established.
o Re;ady for Construction Proposal. Detailed Engineering Design Performance Optimization RED underway:
being developed.

Evaluations focused in two key
criteria of the facility concept:

o Design Maturity: What is
the status of the full
machine design?

o R&D Maturity: What is the
status of the R&D for each
of the accelerator
sub-systems required to
fully specify the machine
design?

Disclaimer: non-linear color scale,
0-10, with 10 the most mature.



Evaluation of Concept Maturity

e Green-shaded: designs
sufficiently mature to enable an

2 WEA Muc sppe FeC informed decision about the

s (R:;Ki” FCC-eh proposed approach for physics
= <3 Te .

. PAIE performance, cost, and risk.

S ccc TeV ILC

o Multi-TeV ILC (Tev) (Nb)

° concepts require
significant technology R&D and
more detailed design studies to
fully evaluate their realistic
physics potential and to
understand both the risks and
costs of the approach.

* Designs have achieved a

maturity to  have

*Emerging accelerator concepts requiring performance evaluations t
significant basic R&D and design effort to bring  prior R&D and design e
to maturity. * Critical project risks
identified and sub-system

R&D is underway where ne

* Efforts would benefit from directed R&D funding
to mature collider concepts.

* Availability of test facilities to demonstrate a
broad range of technology concepts required.

*Some large-ticket demonstrators are generally
necessary before a detailed "reference" design
can be completed.

* Funding approach
transitions to "
efforts with significant
investment required.

e Red-shaded: concepts are very
preliminary concepts that cannot
be qualitatively compared with
other designs.

Funding Approach | Technical Maturity




Evaluation of Concept Maturity

) Muc Fec-hh e Blue: Concepts offer a path to
2 WFA SppC .
2 ReLIC reo constituent center-of-mass
5 Mulc Eaed collision energies > 10 TeV.
= cce TeV ILC
= Multi-TeV ILC (Tev) (Nb)
. — ° electron-hadron
*Designs have achieved a g
maturity to  have machines.

*Emerging accelerator concepts requiring performance evaluations ‘
significant basic R&D and design effort to bring  prior R&D and design effor
to maturity. * Critical project risks h

identified and sub-syst
R&D is underway where

e More details in AF4 report.

* Efforts would benefit from directed R&D funding
to mature collider concepts.

* Availability of test facilities to demonstrate a
broad range of technology concepts required.

*Some large-ticket demonstrators are generally
necessary before a detailed "reference" design
can be completed.

* Funding approach
transitions to "p
efforts with significant di

investment required.

Funding Approach | Technical Maturity




Collider Concepts

Funding Approach | Technical Maturity

Evaluation of Concept Maturity

W FA SppC

RellC

MulC ($3 TeV)

cce
Multi-TeV ILC (Tev)

FCC-eh

FCC-hh

TeV ILC
(Nb)

*Emerging accelerator concepts requiring
significant basic R&D and design effort to bring
to maturity.

*Designs have achieved

* Critical project risks h

maturity to  have
performance evaluation
prior R&D and design eff

identified and sub-system
R&D is underway where |

* Efforts would benefit from directed R&D funding
to mature collider concepts.

* Availability of test facilities to demonstrate a
broad range of technology concepts required.

*Some large-ticket demonstrators are generally
necessary before a detailed "reference" design
can be completed.

* Funding approach

transitions  to
efforts with significant
investment required.

Concepts shown in -shaded
region have the potential to
achieve sufficient maturity within
the next decade for evaluation by
the HEP community.

It is important to note that the
necessary technical maturity for
these concepts, and hence the
ability to evaluate both the overall
physics performance as well as
cost scale, cannot be delivered
without dedicated Collider R&D
research investment over the next
several years.



AF/ Outcomes

e To provide reliable inputs to the HEP community, concepts in the red/yellow regions

need to mature.
o Need for a focused collider R&D program in the US.
o Initiative has been part of the AF 4 discussion and Snowmass discussions in

general.
o White paper submission:

July 14, 2022

U.S. National Accelerator R&D Program on Future Colliders
P.C. Buarht, S. BELOMESTNYKH!®, A. Brossl, S. Dasu®, D. DEnisov?, S. GOURLAY,

S. JINDARIANI!, A.J. LANKFORD®!, S. NacarTsevli?T E.A. Nanni®, M.A. PALMER?,
T. RAUBENHEIMER?, V. SHILTSEV!, A. VaLisHEV!, C. VERNIERI®, F. ZIMMERMANN?

https://arxiv.org/pdf/2207.06213.pdf




Synergies

Wakefield accelerators connect and couple to:
o Light source, nuclear security, rare process physics applications
o Compact Medical applications and unique treatment options

Muon colliders couple to:
o Material science applications
o Rare processes with the most intense muon source ever developed
o Neutrino physics program

High field magnet R&D:
o Benefits hadron and muon colliders
o Industrial applications

Lepton colliders:
o multi-TeV research with EW/Higgs research



Summary

e AF4 collected and structured community input on
multi-TeV colliders

e EF emphasized interest in colliders with > 10 TeV CoM
energies

e AF4 evaluated concept maturity and found that a
focused US collider R&D program would allow to
provide informed decisions for the HEP community



