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WFS principle

● Dispersion Free Steering:
– use beams with different energy and minimise the 

orbit difference (due to dispersion)

● Wakefield Free Steering:
– use beams with different charge and minimise the 

orbit difference (due to wakefields)
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Andrea Latina at LCWS 2013

R = Response matrix nominal beam
D = Response matrix off-energy beam
W= Response matrix off-charge beam

ω
DFS

 = weight for DFS 

ω
WFS

 = weight for WFS

β = regulation parameter 
(equivalent to cutting on singular values)

ωideal=√ σres
2 +σalign
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FACET layout

● Strong wakefields
● Good test bench

Andrea Latina at LCWS 2013
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FACET

Andrea Latina at CLIC project meeting December 2013

SLC’s emittance log in Sector 04
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Lower emittance 
achieved in S04!

1. We 
spoiled the 
emittance

2. We 
applied WFS

Golden orbit: εy =4.4 μm
εy =2.0 μm
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ATF2
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ATF2

● 55 BPMs: 
– Stripline BPMs (resolution ~1-2 um) in extraction line
– Cavity BPMs (res. ~200nm attenuated, 30nm non-attenuated) in Final Focus

● 11 horizontal and 11 vertical correctors mostly in extraction line

Extraction line Final Focus IP
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Motivation
● In 2013 ~60-70 nm beam size was achieved, but only at very low 

intensity

● Strong intensity dependence on beam size

– Wakefield contribution is strongly suspected
● Larger modulation means smaller beam size

Okugi-san
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Recent example
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Motivation

Data 22 April 2013

Also strong intensity dependence on 
orbit



Change of absolute orbit due 
to intensity • No dependence of diff. orbit on 

the intensity, but strong 
dependence on the absolute 
orbit

• Some problems with scaling of 
BPMs.

• There is a clear correlation 
between charge and beam 
offset (up to 100μm) after some 
point in the beam line. 

• It seems this point is where the 
beta function starts to become 
bigger (before the FF).

• Candidates: cavity BPM or 
laser wire setup 

• It is not clear, if there is no 
dependence before (low 
statistics) and dependence 
must not be linear with charge. 

J. Pfingstner 24-5-2013
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BPM selection

● As system is overdetermined (55 BPMs for 11 correctors), 
not all 55 BPMs needed

● For stability 10 BPMs selected at most sensitive high beta 
locations and end of Final Focus
– QD10BFF, QD10AFF, QF9BFF, QD8FF, QF7FF, QD6BFF, 

QF5FF, QD4BFF, QF3FF, QD2BFF

● All attenuated cavity BPMs with similar resolution ~200nm
– weight in WFS algorithm can now put higher 

(more aggressive correction)
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BPM resolution vs charge

Cavity BPM with attenuator (20dB)

Charge (q) Resolution(R) WFS 
weight

1e10 220nm 32

0.8e10 230nm 31

0.5e10 270nm 26

0.1e10 940nm 7.5

R=R0√ A2q2 +1

Effect implemented in simulation
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Simulation parameters

● Default WFS simulation settings:
– Sextupoles off
– Charge: 0.5e10 and 0.8e10
– Misalignment 30 μm

● BPMs and Quadrupoles, vertical and horizontal

– Wake fields as obtained from simulation added at cavity BPMs only
– “Fixed beam” 

● no beam jitter added, done for simplicity. 
● In practice averaging and jitter subtraction needs to be added

– Response matrices obtained from simulation
– WFS Weights:

● β = 5

● ω
WFS

 = 26

– 3 iterations
– 100 machines (misalignment seeds)
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Emittance

● WFS recovers almost all of the emittance growth
● Performs better than 1-to-1 steering or DFS
● Hard to measure experimentally at ATF2
● Therefore look at differential orbit for the different charges
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Beta scan

● β parameter (stability parameter) seems not so 
important, β = 5 was chosen
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Alignment Scan

● Gaussian distributed misalignment with different standard deviation
● Possible to recover also with severe misalignment
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Conclusion + Outlook

● WFS looks to be a promising method for finding a wakefield 
free orbit in ATF

● Include DFS and WFS together in simulation
– Could add stability for correction, as observed in FACET

– WFS needs to be done in parallel with dispersion correction

● Add full tuning to see effect on beam size
● Need to plan some experimental tests

– Measure response matrices

– Perform WFS test with verification
● Beam orbit
● OTR emittance measurement
● IPBSM beam size intensity dependence
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Back-up
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C-band CBPM

● High-impedance device (to provide a high position sensitivity)
● Typical resolution with attenuators ~200nm
● 30 nm without attenuation
● ~40 cavities in the beamline, the effect may be multiplied (although this 

depends on the orbit, beta function and alignment)
● Y.I. Kim et al. http://prst-ab.aps.org/pdf/PRSTAB/v15/i4/e042801
● Recent ATF review presentation: https://ilcagenda.linearcollider.org/getFile.py/access?

subContId=0&contribId=7&resId=0&materialId=slides&confId=5973
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