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White Paper on BDS Systems
• There have been many discussions on 

Advanced Linear Colliders in AF6.

• The ultimate goal for these machines is to reach 
10 TeV-scale CM energy and compete with 
FCC-hh and MCs in terms of physics reach.

• Colliding electron and positron beams at such 
high energies presents many challenges.

• If we can solve some of these challenges in the 
context of an Advanced Linear Collider, the 
broader LC community might benefit.



Figure of Merit

The figure of merit for a linear collider is “Luminosity per beam power”.
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The figure of merit for a linear collider is “Luminosity per beam power”.
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Evaluating New Ideas
• The Linear Collider community (NLC, ILC, CLIC) has already put 

considerable time and effort into the design and optimization of 
BDS for LCs.
- It is critical that the Advanced Accelerator community understands the 

previous work in the pursuit of new ideas:
• Final-focus systems in linear colliders, T. Raubenheimer and F. Zimmerman, RMP 72, 95, (2000).
• Novel Final Focus Design for Future Linear Colliders, P. Raimnodi and A. Seryi, PRL 86, 3779, (2001).
• ILC Technical Design Report, arXiv 0712.2316

• New ideas may come in the form of new technology (e.g. plasma 
lens), new physics (e.g. short-bunch collisions),  or new design 
choices.



“Traditional” BDS

The traditional BDS is composed of:

• Tune-up and diagnostic sections including:
- Emittance (laser wire)
- Polarimetry
- Energy measurement

• Collimation system 
- Design requirement for ILC is ZERO particles lost in final few hundred meters

• Machine protection
• Final focus with local chromaticity correction

The cost and size of the BDS represents about 1/3 of the machine.



ILC BDS ILC TDR: https://arxiv.org/abs/0712.2361

https://arxiv.org/abs/0712.2361


What drives the length of the BDS?

Bends in the final focus system are 
required for chromatic correction.



Questions to be explored in White Paper

• Can we beat scaling laws for “traditional” BDS systems?
- Shorter BDS using novel diagnostic and collimation systems?
- Do Machine-Detector Interface requirements change if we pursue an energy frontier 

machine (i.e. no longer focus on precision measurements)?

• Should we consider BDS for both symmetric and flat beams?
- Symmetric beams are more natural for plasma accelerators.

• What are the benefits/drawbacks of plasma lens systems?
- What are the implications of using plasma lenses near the IP?

• What are the implications of using ultra-short bunches?



Plasma Lens Solutions
Plasma lens systems offer two 
main advantages:

1. Focusing gradients are 
orders of magnitude larger 
than what can be achieved 
with traditional systems.

2. Axisymmetric focusing 
strongly reduces chromatic 
effects.

J. van Tilborg et. al., PRL115,184802 (2015)

C. Doss et. al., PRAB 22, 111001 (2019)
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Machine-Detector Interface
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QD0
Plasma lens 
location?

Do plasma lenses need to be in the detector to be effective?



Snowmass LoIs on Plasma Lenses

S. Barber et. al.
https://www.snowmass21.org/docs/file
s/summaries/AF/SNOWMASS21-
AF6_AF0_Barber-196.pdf

C. Doss et. al.
https://www.snowmass21.org/docs/fi
les/summaries/AF/SNOWMASS21-
AF6-011.pdf

Active Plasma Lenses Passive Plasma Lenses

https://www.snowmass21.org/docs/files/summaries/AF/SNOWMASS21-AF6_AF0_Barber-196.pdf
https://www.snowmass21.org/docs/files/summaries/AF/SNOWMASS21-AF6-011.pdf


Plasma Lens History

SLAC has a proud history on the topic of plasma lenses.



Short Bunches for Increased Luminosity

Advanced Accelerator technologies 
naturally employ short bunches. We “win” 
twice by using short bunches.

First, short bunches suppress 
beamstrahlung, increasing both 
luminosity and luminosity in 1%.

Second, shorter bunches allow for 
smaller betafunctions due to hourglass 
effect.

Beamstrahlung considerations in laser-plasma 
accelerator-based linear colliders.
C. B. Schroeder, et. al. PRAB 15, 051301
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Advanced Accelerator technologies 
naturally employ short bunches. We “win” 
twice by using short bunches.

First, short bunches suppress 
beamstrahlung, increasing both 
luminosity and luminosity in 1%.

Second, shorter bunches allow for 
smaller betafunctions due to hourglass 
effect.

By going to the shortest possible bunches, we may open a 
new paradigm for collider physics.

Beamstrahlung considerations in laser-plasma 
accelerator-based linear colliders.
C. B. Schroeder, et. al. PRAB 15, 051301



Collider with extremely short bunches
Why: Beamstrahlung is mitigated (not enough time to emit photon) => can collide round 

beams => Orders of magnitude reduction in required beam power for the same 
luminosity in LC

R. Blankenbecler, S. Drell, PRD 36, 277 (1987)
New unexplored physics

Fully non-perturbative QED regime 
V. I. Ritus, Ann. Phys. 69, 555{582 (1972).
AA Mironov, S Meuren, AM Fedotov, PRD 102 (5), (2020)

QED cascades - astrophysical phenomena in Laboratory 
Bell & Kirk, PRL 101, 200403 (2008)
K.Qu, S. Meuren, and N. J. Fisch PRL 127, 095001 (2021)

Fully coupled, analogous to spontaneous chiral symmetry breaking 
D. K. Sinclair and J. B. Kogut, arXiv:2111.01990v1 (2021)

How: Adiabatic CSR compensation in multistage bunch compressor 
To be published

Where we are: 
Theory of 2D/3D CSR is sufficiently advanced and implemented in simulation codes 

Y Cai, PRAB 24 (6), (2020)
G Stupakov, J Tang, PRAB 24 (9), (2021)

Strawman designs for  demonstrator facility at 30 GeV and collider at 250GeV
G.White, V.Yakimenko, arXiv:1811.11782 (2019)

What is needed: 
Sustained efforts towards improving design and understanding tolerances/tuning 
algorithms.
Demonstration facility  

V. Yakimenko, et.al. PRL 122, 190404 (2019)

HEP collider with low 
beam power

Short bunches -> beamstrahlung
suppressed -> round beams at IP -> ≳100x 
reduction in beam & wall power / 
backgrounds / activation / cost

𝜎! ∼ 1𝜇𝑚@1𝑇𝑒𝑉
R. Blankenbecler, S. Drell, PRD 36, 277 (1987)



Wiggler-Compressor Concept at 30 GeV

G. White, FACET-III Presentation



Final Focus-Compressor Concept

G. White, FACET-III Presentation
125 GeV CM
Collider concept for Higgs Production



Short Bunches to Enable New Physics

• Counter-streaming  beam and plasma electrons 
result in instability and form self-generated beam 
filaments and EM fields.
•Trajectories of the beam electrons are bent in these 
fields and synchrotron radiation is emitted

High intensity γ rays

𝜎! ∼ 0.5𝜇𝑚@10𝐺𝑒𝑉
A. Benedetti et al. Nature Photon. 12, 319 (2018)

Acceleration in solid-state plasma of crystals or 
nanostructures has promise of ultra-high accelerating 
gradients 1-10 TeV/m, continuous focusing and small 
emittances 

TV/m in Crystals and 
Nanostructures

T. Tajima, et.al. PRL 59,1440 (1987)
𝜎! ∼ 0.3𝜇𝑚@10𝐺𝑒𝑉

Key challenge: radiative energy loss in field 
transition (if χ ≳ 1) prevents reaching χ ≫ 1,
Radiation probability: 𝛼𝜒 ⁄" # > 1

𝑊 ∼ 𝛼𝜒 ⁄" # ⁄𝜎$ 𝛾
𝜆%

< 1

V. Yakimenko, et.al. PRL 122, 190404 (2019)

Fully non-perturbative QED 
regime

𝜎! ∼ 0.1𝜇𝑚@100𝐺𝑒𝑉

X-ray pulse has single spike when radiation emitted 
by the electrons in beam tail, travels to beam head in 
time shorter than few gain times

Single spike FEL

R. Bonifacio et al. PRL 73, 70 (1994)
𝜎! ∼ 0.1𝜇𝑚@10𝐺𝑒𝑉

Beam Physics 
Advancement 

The research problems associated with 
generation and acceleration of extremely 
short and intense beams are fundamental 
and difficult, requiring sustained in-depth 
efforts and acceptance of greater 
uncertainty of the outcome.

HEP collider with low beam 
power

Short bunches -> beamstrahlung suppressed -> 
round beams at IP -> ≳100x reduction in beam & 
wall power / backgrounds / activation / cost

𝜎! ∼ 1𝜇𝑚@1𝑇𝑒𝑉
R. Blankenbecler, S. Drell, PRD 36, 277 (1987)

V. Yakimenko



Conclusion

• We can use novel technology and physics concepts to 
reshape the idea of a linear collider.

Or

• We can use conventional technology, but apply different 
design choices to reduce the scale and cost of the LC.

We plan to explore both possibilities for 
Snowmass White Papers.



Backup



Beating the Oide Limit
In the paper by Chen et. al., they propose to 
beat Oide limit by making the beam radiate 
in the quantum regime.

This solutions requires that the beam be 
made as small as possible at the entrance of 
the plasma lens.

https://doi.org/10.1103/PhysRevLett.64.1231


ILC BDS ILC TDR: https://arxiv.org/abs/0712.2361

https://arxiv.org/abs/0712.2361


CLIC BDS CLIC CDR: https://project-clic-cdr.web.cern.ch/CDR_Volume1.pdf

https://project-clic-cdr.web.cern.ch/CDR_Volume1.pdf
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