
Wakes from Surface Effects in Round Beam Pipes

beam impedance and surface impedance

dielectric layer, roughness

parameters

Gaussian beam

s2e beam
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beam impedance and surface impedance
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(plane wave approximation)



surface: dielectric layer

surface impedance of thin dielectric layer (εr) on perfect conductor:
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multiple surface effects
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old assumption: εr =   2
more realistically: εr = 10 (used for the following)

surface: roughness
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used for the following: Δ ≈ 300 nm
(~ 3 nm dielectric layer)



parameters

bunch charge 1 nC

peak current 5 kA

material properties

beam pipe radius 4.4 mm

I.Zagorodnov, 26.Feb 2007:
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Gaussian beam
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bunch shape from the “official” start to end simulation (December 2005)

s2e beam

↑
eV
E

↑
A
I

μmz→

μmz→



rw+rough+30nm ox
rw+rough+20nm ox
rw+rough+10nm ox
rw+rough+  1nm ox
rw+rough (300nm)

rw

cu long. wake

shape

al long. wake

shape

1st & 2nd moment, absolute

1st & 2nd moment, relative

(normalized to rw)

rw+rough+oixde
1st & 2nd moment, absolute

1st & 2nd moment, relative

(normalized to rw)

rw+rough+oixde

s2e beam



s2e beam – dE vs. current
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energy loss (in undulator) compensated
by tapering for this working point !
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wake-wake(Imax) 
×1nC×300m / 17.5 GV

wake-wake(Imax)
×1nC×300m / 17.5 GV

σFEL ≈ 4×10-4

(FEL parameter)

→ surface effects might increase FEL bandwidth significantly
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