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What is Snowmass?

Snowmass is a Particle 
Physics Community 
Planning Exercise and is a 
scientific study. It provides 
an opportunity for the 
entire particle physics 
community to come 
together to identify and 
document a scientific 
vision for the future of 
particle physics in the U.S. 

Snowmass cycle: ~8 Years,
Snowmass 2021: 18 
Months + 10 day Meeting in 
Seattle.



Snowmass and AF4

Ten Frontiers: 

● Energy Frontier
● Neutrino Physics Frontier
● Rare Processes and Precision 

Measurements Frontier
● Cosmic Frontier
● Theory Frontier
● Accelerator Frontier
● Instrumentation Frontier
● Computational Frontier
● Underground Facilities
● Community Engagement

Seven Working Groups within the AF:

● 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

Seattle 
Meeting

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


Collect Community Input via LOIs and White Papers

Full list of LOI’s: 
https://snowmass21.org/loi

Machine Concept LOI’s:

Full list of white papers: 
https://snowmass21.org/loi

Coordination
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1) TeV-class Lepton Colliders: CLIC, ILC multi-TeV, ERLs

2) Hadron Energy Frontier Machines: FCC-hh, SppC, Collider in the Sea

3) Lepton Collider Energy Frontier Machines: MuC, WFA

4) Lepton-Ion Machines: FCC-eh, MuIC



Energy Frontier Desires > 10 TeV CoM Collider

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

○ challenge for HEP community: collider concepts that can achieve >10 TeV energy scale have 
a broad spread in maturity

○ 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,
■  evaluate their maturity.

Part of the Snowmass Goal: Enable communication between Frontiers.



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

○ 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,
■  evaluate their maturity.

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

Energy Frontier Desires > 10 TeV CoM Collider



AF4 Maturity Evaluation

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

● Evaluations focused in two key 
criteria of the facility concept:

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

○ 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?



Evaluation of Concept Maturity

● Green-shaded: designs 
sufficiently mature to enable an 
informed decision about the 
proposed approach for physics 
performance, cost, and risk.

● Yellow-shaded: 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.

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



Evaluation of Concept Maturity

● Blue: Concepts offer a path to 
constituent center-of-mass 
collision energies > 10 TeV.

● Orange: electron-hadron 
machines.

● More details in AF4 report.



Evaluation of Concept Maturity

● Concepts shown in yellow-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.



AF4 Outcomes

● To provide reliable inputs to the HEP community, concepts in the red/yellow regions 
need to mature. 
○ Need for a focused collider R&D program in the US.
○ Initiative has been part of the AF 4 discussion and Snowmass discussions in 

general.
○ White paper submission: 



Synergies

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

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

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

● Lepton colliders:
○ multi-TeV research with EW/Higgs research



Summary

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

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

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


