
wake fields in undulator

European XFEL undulator wake

bunch shape

2d geometry, resistive effects
round pipe

beam impedance, surface impedance
arbitrary cross section
flat pipe

surface
oxide layer
roughness
conductivity

material → 2d geometry
anomalous skin effect

3d geometry

summary
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resistive wall effects:

characteristic length
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2d geometry: round pipe 

beam impedance and surface impedance
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asymptotic limit

low frequency
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copper, R = 3mm
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alu, R = 3mm
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copper & alu, R = 3mm
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Part. Acc., 1993, Vol. 41, pp 221-248

2d geometry: arbitrary cross-section 
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2d geometry: flat beam pipe 



surface: oxide layer

surface impedance of thin dielectric layer (εr) on perfect conductor:
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Novokhatski, Timm, Weiland

( )

Stupakov I

Stupakov II

Dohlus

(very incomplete list of models)

rough surface behaves as dielectric layer
→ synchronous mode
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sinusoidal surface, with Δ < λ/2π, includes transition sync. mode → no synchronous mode
sinusoidal & resistive surface

surface: roughness



conclusion: 0.58 µm roughness behaves similar as 12 nm εr = 2 oxide layer



300nm roughness → “≈ 6nm oxide layer, εr=2”
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mm 83pipe .R =

cu:  7nm ox = 1nm (real oxide) + 6nm (roughness)
al: 11nm ox = 5nm (real oxide) + 6nm (roughness)



Resistive wall wakefield in the LCLS undulator, Bane, Stupakov; SLAC-PUB-11227, May 2005
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round pipe, R = 2.5mm, δ-wake

‘ac’ conductivity causes a slight overestimation

surface: anomalous skin effect



absorber

undulator pipe

pump slots

per section (= 5m)
(Gaussian bunch σ = 25μm)

3d geometry
European XFELTESLA-FEL 2005-10



wakes in European XFEL

per section (= 5m)
(Gaussian bunch σ = 25μm)

per length !

resistive wake
of round pipe !



collimator wakes
Igor Zagorodnov
http://www.desy.de/xfel-beam/data/talks/talks/zagorodnov_-_colli_wakes_20060925.pdf



wakes (codes)

ECHO           2d,3d           
CST-MWS
ABCI
MAFIA          2d/3d          
GdfidL
PBCI
VORPAL
Tau3P

more

32 σδ >zL FDTD not sufficient
(L = length of field calculation,
δz = step width of mesh
σ = rms bunch length)

3d
2d

3d
3d
3d
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no dispersion           
dispersion
dispersion
dispersion
dispersion
no dispersion
dispersion
dispersion

no dispersion

indirect w-integration
(indirect w-integration)
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summary
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acknowledgement to Igor Zagorodnov

surface effects: roughness Δr → dielectric layer Δd ≈ Δr/50, εr = 2
dielectric layer → inductive surface impedance
conductivity → surface impedance
effective surface impedance = superposion of surface imp.

0κωμi≈

round pipe: transformation to beam impedance
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flat pipe: effects are overestimated by round pipe

≈ 90 %

≈ 10 %

geometric wakes: small compared to surface effects (for European XFEL)


