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Overview

• Ultra-high energy, high luminosity linear colliders require that 
we reimagine what a Beam Delivery System should do?

• The BDS is accelerator technology independent. It should 
work with conventional RF technology or advanced 
accelerator technology.

• The AAC and broader Beam Dynamics communities can 
come together to study this topic.



Physics Questions

• Can we beat scaling laws based on “traditional” BDS 
systems?

• Should we consider BDS for both symmetric and flat beams?

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

• What are the benefits/drawbacks of plasma lens systems?



Technical Questions

• Can we shorten the BDS by incorporating 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)?

• What are the implications of using plasma lenses near the IP?



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

https://arxiv.org/abs/0712.2361


BDS Components

The 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



What drives the length of the BDS?

This chicane is required for 
emittance and polarimetry This chicane is required for 

energy collimation
This chicane is for beam energy 
measurement (1E-4 resolution).

Bends are designed to limit emittance growth 
due to synchrotron radiation below 1%.



What drives the length of the BDS?

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



Final Focus 
Final Focus design comes from paper by 
P. Raimondi and A. Seryi, Phys. Rev. Lett, 
86, 3779 (2001).

System employs “local” chromaticity 
correction.

The length of the FF system scales as 
L ∝ 𝛾7/10 where the main consideration is 
emittance growth due to ISR.

https://link.aps.org/doi/10.1103/PhysRevLett.86.3779


Oide Limit
Synchrotron radiation limits come from 
paper by K. Oide, Phys. Rev. Lett, 61, 
1713, (1988).

Doesn’t matter what type of focusing 
system is used. Final betafunction and 
beam size depends only on emittance.

𝜀 = 25 nm

https://doi.org/10.1103/PhysRevLett.61.1713


Short Bunches for Increased Luminosity

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.

Reduce 𝜎z from 300 μm to 3 μm. 



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)



The scaling for emittance growth in the plasma lens is given by:

This holds for unmatched beams in both APLs and PPLs. In APLs, there is 
additional scattering from plasma electrons but this is assumed to be small 
compared to the scattering off plasma ions.

Main point: smaller betas, shorter density-length product, higher energies, 
limit emittance growth.

Scaling Law’s for Emittance Growth

C. B. Schroeder, et. al. Phys. Rev. ST Accel. Beams 13, 101301 (2010)



Wakefield Limitations in APLs

C. Lindstrom, E. Adli, “Analytic plasma wakefield limits 
for active plasma lenses” [arXiv:1802.02750], 2018.

A study by C. Lindstrom and E. Adli 
looked at active plasma lenses for 
Linear Collider final focus systems, 
with the assumption that the focusing 
due to the wakefield is much smaller 
than focusing of the APL. 

They find that the beam must have a 
large transverse size and 
betafunction when entering the APL.

The large betafunction leads to emittance growth 
due to scattering in the APL. Snowmass is an 
excellent forum for examining this issue.



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
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