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Low Emittance Tuning -

ILC DRs

• Solutions:

– All methods rely on the creation of Response Matrices. These are inverted 
using SVD, and the number of retained eigenvalues is optimised.

• Closed Orbit Correction – Measure beam position in both planes using 
BPMs, and correct using combined kickers. Uses up to 690 BPMs and up to 
690 correctors to minimise orbit in the ring.

• Vertical Dispersion Correction – Measure the vertical dispersion by varying 
the RF frequency and recording vertical orbit at the BPMs. Correct using 
skew quads. Can use up to 240 skew quads and up to 690 BPMs

• Coupling Correction – Kick the beam in the horizontal/vertical plane using 4 
(phase separated) kickers, and record the response in the horizontal plane. 
Correct using skew quads. Uses up to 240 skew quads and up to 690 
BPMs.

– Vert. Dispersion and Coupling correction are performed together, with an 
optimised weighting between the two corrections!

– For cost reasons, it is desired to minimise the number of BPMs and correctors.

 Aim: Achieve 20nm-rad normalised 
vertical emittance from the damping ring 
in the presence of transverse and roll 
errors on the magnets.

Standard Errors



Selecting the Number of Required BPMs 

for various cases
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Dual Plane Coupling 

Correction
(using both a vertical coupling matrix, as well 

as a horizontal one)

Red: Systematic Reduction

Orange: SVD Efficiency Calculation Method 1

Yellow: SVD Efficiency Calculation Method 2

Single Plane Coupling 

Correction
(using only a vertical coupling matrix –

kick in the horizontal plane)
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Simplex-based Optimisation

• As a first pass to investigate the minimum number of required skew 

quads we use a global non-linear optimiser

• Vary the number of skew quads, then use a Nelder-Mead Simplex to 

optimise on the extracted vertical emittance to less than 20nm

– No errors on emittance measurement

– No SVD based correction of vertical dispersion or coupling, but 

include closed orbit correction

– Purely proof-of-principle



General Simplex/GA-based Optimisation –

Application to SuperB?

• By replacing the standard DR tuning algorithm with a more generalised 

solution we envisage simplifying the interaction between DR and FF 

tuning

• Recent work by ASTeC and others, on the ILC and ATF2, has shown 

that non-linear optimisation should be a viable optimisation strategy for 

a strongly focusing FF – along with “traditional” linear tuning knobs

• Proposal:

• Investigate the interaction between DR and FF tuning using non-

linear generalised optimisation routines

• For multiple optimisation strategies investigate Non-Dominated 

sorting algorithms



GA-based Optimisation –

Linear/Non-linear Optics

• There is an increasing interest in using Evolutionary Algorithms 

(GA/NDSGA/...) for linear and non-linear optimisation of rings

• There is already a large body of experience in ASTeC using GAs 

for 

• Non-linear optimisation of Storage Rings (DIAMOND)

• Injector Optimisation for 4th generation light sources (NLS)

• Working point optimisation for next generation light sources 

(NLS)

• There is a strong interest in applying GA/NDGAs to ring design 

for next-generation rings



Final Focus Tuning –

Rotation Matrix Method
• The beam matrix tuning method is a re-imagining of the problem of 

tuning the IP beam size at the IP. Instead of correcting known linear 

aberrations, we instead rotate directly the beam projection using 

sextupoles in the line.

• Tuning knobs are created from the response of the beam to the change 

in one of the 5 final focus sextupoles, each in 4 degrees of freedom:

• Horizontal Motion

• Vertical Motion

• Rotation around the S-axis

• Change in field strength



2mard crossing angle layout for ILC

• Minimum extraction line with optimised final doublet, reasonable extraction magnet 

parameters and acceptable losses on dedicated collimators, for all parameter sets.

• Challenging magnet designs

• Optimised final focus design including the fields from extraction magnets

http://accelconf.web.cern.ch/AccelConf/e08/papers/mopp005.pdf

http://accelconf.web.cern.ch/AccelConf/e08/papers/mopp005.pdf
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2 mrad Final Focus Optimisation

• The final focus has been re-optimised 
for 2mrad FD parameters and to absorb 
the BHEX1 quadrupole component by:

• adjusting the final doublet to obtain 
beam waists at the interaction point

• adjusting QD2B and QF3 to obtain 
pseudo ‘– I’ transform between the 
sextupoles SD4 and SD0

• adjusting the soft dipoles in the 
final focus to obtain dispersion 
matching

• Cancellation of chromatic and 
geometric aberrations by optimising the 
sextupoles

D. Angal-Kalinin



Linear Optics Optimisation –

Engineering AD&I for the ILC

• Strong interaction with engineering team for design of positron-side 

Beam Delivery System

• Design of low-emittance TME style dogleg design for extraction of 

positron photons from undulator



Collimation for High Energy Colliders

• Determining collimation 
aperture for various IR 
geometries and IP 
parameters  in ILC and CLIC
– SR ray tracing routines to 

calculate allowed beam halo 
envelope in IR

– For large and small crossing 
angles, including shared 
incoming/outgoing apertures

• Wakefield estimations
– Analytical expressions partly 

verified by experiment (End 
Station A@SLAC)

• Refs. F. Jackson „Collimation 
Aperture for the Beam 
Delivery System of the 
International Linear Collider’, 
EPAC 2008

QF1 QD0 VTX

ILC collimation aperture estimation

MSK QEX…

14 mrad

2 mrad

Plots from IRENG ’07 @ SLAC



Collimation for High Energy Colliders

• Halo tracking simulations and 
lattice optimisation

• Collimation performance can 
sometimes be forgotten in 
luminosity optimisation
– Especially important to keep 

correct phase advance  
between small number of 
collimators and IP

• Dedicated „polishing‟ of 
ILC/CLIC lattices can improve 
collimation performance

• Refs. F. Jackson „Collimation 
Optimisation …‟ PAC 07, 
EPAC 08, IPAC 10 

CLIC collimation optimisation

Halo profile at FD entrance

Before optimisation

After optimisation

From IPAC 10 ‘Optimization of the CLIC 

Baseline Collimation System’



• Design expertise is available at ASTeC in: light source, damping rings 

(LET), beam delivery system and collimation.

• Some of these topics (specially the combination of both DR LET and 

FF tuning) will be of direct relevance to Super-B.

• Linear collider work has now been concluded within our team except 

some commitments to EuCARD (CLIC tuning and IR design : joint task 

with UMAN). 

• Super-B will be a real project to apply and test  our LC expertise and will 

be of interest to us.  

• Our participation will depend upon policy decisions within the 

organisation.

Conclusions


