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Overview

� Optical regime
� general case

� step-out, step-in, iris

� scaling with bunch length

� Diffractive regime
� cavity and gap wakes

� scaling with bunch length 

� Inductive regime
� Resistive wake
� Scaling with structure resizing
� Emittance growth
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General Case (Optical Regime)
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M.Dohlus, I. Zagorodnov, O.Zagorodnova, DESY-10-063 (2010)
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Step-In (Optical Regime)

Longitudinal and Transverse Wakes are 0!
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Step-Out, Collimator (Optical Regime)
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for Gaussian bunch
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Step-Out, Collimator (Optical Regime)
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Transverse
Wake
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Iris (Optical Regime)

a
b

0
|| ln

Z b
Z

aπ
=

2
0

2 4

1

2

Z c a
Z

a bωπ⊥
 

= − 
 



Igor Zagorodnov| Collaboration Meeting at PAL|  2-6. August 2013  |  Seite 8

Scaling with Bunch Length (Optical)
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Scaling with Bunch Length (Optical)
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Scaling with Bunch Length (Optical)

|| ||( ) ( ) long
short long

short

k k
σ

σ σ
σ

=

1

|| ||
2

c
Z k const

πσ

−
 = = 
 

2Z k constω ⊥ ⊥= =

( ) ( )short longk kσ σ⊥ ⊥=



Igor Zagorodnov| Collaboration Meeting at PAL|  2-6. August 2013  |  Seite 11

Cavity and Gap Wakes (Diffractive Regime)
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Scaling with Bunch Length (Diffractive)
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Inductive Regime

L Lλ
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Resistive Wake (Round Pipe)
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The effect of the oxide layer and the roughness can be taken into 
account through the inductive surface impedance

( ) ( )s sZ Z j Lκω ω ω≈ + 0

1
0.01r

oxid rough
r

L d d
εµ

ε
 −= + 
 

||2

2 c
Z Z

a ω⊥ =

~ 2rε

M.Dohlus. TESLA 2001-26, 2001
A.Tsakanian et al, TESLA-FEL 2009-05
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Scaling with Structure Sizing
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Emittance Growth
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I. Zagorodnov at al., Mirror kick, EPAC 2008

Dohlus M., Limberg T., Impact of optics on CSR-related emittance
growth in bunch compressor chicanes, PAC 2005, p. 1015


