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The 10 TeV Wakefield Collider Design Study was triggered by P5
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> The Snowmass Process and P5 (2020-2023) collected input from the global 
particle physics community to establish priorities for the US HEP Program


> Fed into the P5 Report (2023) with Recommendations for particle colliders

Rec. 2c: An off-shore Higgs factory… FCC-ee and ILC meet 
our scientific requirements…

Rec. 4a: Support vigorous R&D toward a cost-effective 10 TeV 
pCM collider based on proton, muon, or possible wakefield 
technologies…

Section 6.4.1: Wakefield concepts for a collider are in the early stage of development. A 
critical next step is the delivery of an end-to-end design concept, including cost scales, 
with self-consistent parameters throughout.
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Three GV/m wakefield accelerator options are under consideration
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Wakefields in 
Structures

Beam Driven 
(SWFA)

Wakefields in 
Plasma

Laser Driven 
(LPA/LWFA)

Beam Driven 
(PWFA)
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LCF / up to 550 GeV / 33.5 km

Wakefield accelerator collider vision
• Reduce the size of future colliders (gradient) 
→ potential for reduced construction cost, environmental footprint
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Depicted: ILC

Energy Frontier Collider at 10 TeV pCM 
S. Gessner et al., arXiv:2503.20214 (2025) 

design goal: green field & upgrade option for LCF
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Goal: Produce a unified design of a 10 TeV pCM Wakefield Collider by 2028
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→ Interim Design Report by the end of 2026. 
→ Derive roadmaps and test facility needs.

The study launched at AAC 2024 as a global, HEP-wide 
community effort with strong input from

- HEP Theorists, 
- Detector Physicists, 
- Accelerator Physicists

ALEGRO 2025 @ SLAC

ALEGRO 2026 @ INFN
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A new paradigm for linear particle collisions at the 10 TeV scale
Vector Boson Fusion (VBF) and s-channel annihilation to contribute
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Muon Collider Forum Report
arXiv:2209.01318

Collisions created from the VBF process at 10 TeV, in 
addition to s-channel annihilation traditionally 
associated with electron-positron linear colliders.


Advantageous for luminosity requirements at 10 TeV.


VBF expected to provide production channels 
for high-energy e+e-, e-e-, 𝛾𝛾, and 𝜇+𝜇- colliders.


→ Need to start with a Particle Physics study
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Collisions created from the VBF process at 10 TeV, in 
addition to s-channel annihilation traditionally 
associated with electron-positron linear colliders.


Advantageous for luminosity requirements at 10 TeV.


VBF expected to provide production channels 
for high-energy e+e-, e-e-, 𝛾𝛾, and 𝜇+𝜇- colliders.


→ Need to start with a Particle Physics study

A 10 TeV linear collider may not have 
to be an electron-positron collider.

We are exploring

e- / e+ γ / γ e- / e-
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Beamstrahlung at 10 TeV must be revisited incl. quantum effects
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10 TeV linear colliders will operate in the high (quantum) beamstrahlung regime 
• Large beamstrahlung effects hard to avoid, can we deal with it? 

IP needs to be studied together with particle and detector physicists

Average fractional 
particle energy loss:

Beam energy [TeV]

5x1035 s-1 cm-2

1035 s-1 cm-2

1034 s-1 cm-2

Reduce IP 
beam size 
(emittance) 
to achieve 
luminosity 

σy/σx = 50

σy/σx = 20

σy/σx = 16

CLIC

10 TeV pCM

short beams help
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A new regime. We are considering: 
• e+e-, e-e-, 𝛾𝛾 collisions 
• Round beam collisions in addition to flat beam collisions

Beamstrahlung at 10 TeV must be revisited incl. quantum effects

8

10 TeV linear colliders will operate in the high (quantum) beamstrahlung regime 
• Large beamstrahlung effects hard to avoid, can we deal with it? 

IP needs to be studied together with particle and detector physicists

• Quantum: mean beam field in beam rest frame large compared to Schwinger field

Note: perturbative quantum 
beamstrahlung theory 
breaks down for Υ > α-3/2 ~ 1000

Beamstrahlung parameter (mean field strength of beam normalized to Schwinger field):
Round beams, 10nm x 10nm at IP

10 TeV pCM, charge = 1 nC

Length = 10 µm 

Average fractional energy 
radiated of particles: 
δb > 1 for all energies

Y = 24

Y = 117

Y = 289

even for flat beams

Average fractional 
particle energy loss:

Beam energy [TeV]

5x1035 s-1 cm-2

1035 s-1 cm-2

1034 s-1 cm-2

Reduce IP 
beam size 
(emittance) 
to achieve 
luminosity 

σy/σx = 50

σy/σx = 20

σy/σx = 16

CLIC

10 TeV pCM

short beams help



|  Jens Osterhoff  |  AAC  |  July 28, 2026 Page

Working outwards from the interaction region
Design study approach
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Schroeder et al. 
JINST (2023)

https://iopscience.iop.org/article/10.1088/1748-0221/18/06/T06001
https://iopscience.iop.org/article/10.1088/1748-0221/18/06/T06001
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Working groups are assessing concepts 
and are connecting collider components, starting from the IP

10

Green = Broader accelerator community

Orange/blue/purple = AAC specific

Red = HEP and broader community

• System integration and optimization 
• Beam sources (incl. damping rings) 
• Drivers 

- Laser 
- Beams - SWFA 
- Beams - PWFA 

• Linacs 
- LWFA 
- SWFA 
- PWFA 

• Beam delivery system 
• Beam-beam interactions 
• Beam diagnostics 
• Machine-detector interface 
• HEP detector 
• HEP physics case 
• Environmental impact 
• Simulations/computing/AI

Chosen design constraints: 
• Ez,avg > 500 MeV/m

• ℒ/Ptot > 1032 cm-2s-1 MW-1

LCVision 
upgrade 
path
Science 
per $$$
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Beam-beam collisions at 10 TeV result in broad lumi spectra
Some highlights from the first two years of 10 TeV Design Study work — Beam-beam simulations
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New lepton collider paradigm 

•Strong beamstrahlung: 
broad luminosity spectra


•10 TeV pCM beams behave 
like composite initial states


•based on beam parameters 
developed for Snowmass: 
C. B. Schroeder et al., 
JNIST 2023


A. Formenti et al., in preparation

arXiv:2511.20912v1

 ➞ talk in this session
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Some highlights from the first two years of 10 TeV Design Study work — Physics case
We study particle productions rates to analyze physics potential
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Takeaways from First Physics Studies
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1. Large beamstrahlung is manageable
Signal rates often enhanced for round beams

Backgrounds are also enhanced but analysis 
methods from the LHC-era can cope

Caveat: pile-up hadrons will 
be worse for round beams

𝛾𝛾 →

Implies degraded jet resolution 

(may hurt  versus  discrimination)𝑍 h
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methods from the LHC-era can cope

Caveat: pile-up hadrons will 
be worse for round beams

𝛾𝛾 →

Implies degraded jet resolution 

(may hurt  versus  discrimination)𝑍 h

 comparable to  if 𝛾𝛾 𝑒+𝑒− 𝐿𝛾𝛾 ≳ 10𝐿𝑒+𝑒−

 with 10 ab-1 slightly worse than  with 
same luminosity but competes with 100 TeV pp
𝛾𝛾 𝜇+𝜇−

No positrons, no problem!
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Strong progress in 𝛾/𝛾 CPs & IP, beam delivery system design
Some highlights from the first two years of 10 TeV Design Study work
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arXiv:2602.15777v1

soon on arXiv
Initial studies provide a final focus 

design less than 1 km long.  ➞ S. Bulanov, next
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10 TeV Design Study, initiated in US, after 2026 has to be carried 
by the global community and our work on near-term applications 

16



|  Jens Osterhoff  |  AAC  |  July 28, 2026 Page

10 TeV Design Study, initiated in US, after 2026 has to be carried 
by the global community and our work on near-term applications 
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- Recent 10 TeV wakefield collider US work through SLAC/LBNL LDRDs (2024-2026): 
limited resources studying science case, interaction point physics at 10 TeV

- HEP stewardship of AAC has fostered strong innovation and rapid progress in performance

- US DOE HEP resources now constrained by current projects 
R. Rameika: “We will not be able to support vigorous R&D toward a cost-effective 10 TeV pCM collider 
based on proton, muon, or possible wakefield technologies, …” [DPF meeting, July 26] 

- Anticipate reduced support for AAC operations + GARD [R. Rameika, DPF, July 26] 
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- HEP stewardship of AAC has fostered strong innovation and rapid progress in performance

- US DOE HEP resources now constrained by current projects 
R. Rameika: “We will not be able to support vigorous R&D toward a cost-effective 10 TeV pCM collider 
based on proton, muon, or possible wakefield technologies, …” [DPF meeting, July 26] 

- Anticipate reduced support for AAC operations + GARD [R. Rameika, DPF, July 26] 

- Developing path with HEP & others going forward 
- Recent AAC results on engineering, control, stability 
- AAC ready to address near-term applications 

and general accelerator technology, incl. BES 
and broad applications of photon and particle sources

Synergies: AAC and near-term colliders 
➞ This session: S. Gessner & C. Lin
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- Recent 10 TeV wakefield collider US work through SLAC/LBNL LDRDs (2024-2026): 
limited resources studying science case, interaction point physics at 10 TeV

- HEP stewardship of AAC has fostered strong innovation and rapid progress in performance

- US DOE HEP resources now constrained by current projects 
R. Rameika: “We will not be able to support vigorous R&D toward a cost-effective 10 TeV pCM collider 
based on proton, muon, or possible wakefield technologies, …” [DPF meeting, July 26] 

- Anticipate reduced support for AAC operations + GARD [R. Rameika, DPF, July 26] 

- Developing path with HEP & others going forward 
- Recent AAC results on engineering, control, stability 
- AAC ready to address near-term applications 

and general accelerator technology, incl. BES 
and broad applications of photon and particle sources

- Development of near-term applications will open possibilities for very high performance
future HEP applications incl. colliders

Synergies: AAC and near-term colliders 
➞ This session: S. Gessner & C. Lin
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The 10 TeV Wakefield Collider Design Study has made rapid progress by 
partnering with HEP theorists, experimentalist, and collider experts


• strong level of engagement from the particle physics community

• new paradigms of 10 TeV colliders are explored and attractive: 

high beamstrahlung, round beam collisions, gamma-gamma


Advanced Accelerator research is undergoing a transition in the US

• focus is turning towards near-term applications

• critical step for increasing TRL towards future colliders

10 TeV Design Study Website


Google Form to Join Study

https://10tev-wakefield-collider.github.io/
https://docs.google.com/forms/d/e/1FAIpQLScffLXDxF_8-TUYaWLznL7jAWUGfYOTEzBu4YrOnr8nRS-JQw/viewform

