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Motivation
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Wake field calculation – estimation of  the effect of the material 
properties of the chamber on the bunch
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Motivation

RMS bunch length ��, µm

ILC 300

European XFEL 5-25

LCLS-II 25-1000

The difficulty of numerical calculation of wakefields can be assotiated
with a small parameter �� �⁄ , where �� is the RMS bunch length and �
is the typical size of the structure (f.e. iris radius)..
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Motivation

�	
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For Gaussian bunch with RMS length �� � 25µm and � � 35 mm the 
formation length (~transient region) is ~ 25m . 
It there is a long outgoing pipe we can stop  a numerical calculation 
after “geometry variation” und use “indirect integration”*. Otherwise the 
numerical simulations require huge resources.
On the other hand the small parameter �� �⁄ allows to develop 
asymptotic analytical models.

G. Stupakov,
ICFA Workshop on HOM in 
Superconducting Cavities,
Chicago, 2014

*I. Zagorodnov, Phys. Rev. STAB 9, 102002 (2006)
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Optical Model
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,The length of the transition is much smaller than the formation length

In the optical regime �||
is real and independent 
of the frequency.

G. Stupakov, K. Bane, I. Zagorodnov, Phys. Rev. STAB 10, 054401 (2007)
K. Bane, G. Stupakov, I. Zagorodnov, Phys. Rev. STAB 10, 074401 (2007)
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Optical Model

Longitudinal and transverse wakes are 0!

Step-In
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Optical Model
)
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Step-Out, Long Collimator
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Optical Model
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Iris, Short collimator

The longitudinal wake is the same. 
The transverse wake is ~ two times smaller than for the long collimator.
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Optical Model
Transverse Impedance of Laser Mirror of RF Gun
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Optical Model
Transverse Impedance of OTR Screens
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M. Dohlus et al, DESY 10-063, 2010 
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Optical Model
Longitudinal Impedance of Round-to-Rectangular 
Transitions in Bunch Compressors
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Optical Model
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Diffraction Model
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This impedance can be derived from parabolic equation (PE) approach.

G.Stupakov, New Journal of Physics 8, 280 (2006)

K.Bane, M.Sands, SLAC-PUB-4441 (1987)

Cavity and Gap Wakes 
The optical theory ignores 
diffraction effects. It predicts 
zero impedance for the 
pillbox cavity or periodic 
irises.
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Diffraction Model
Periodic chain of cavities
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K. L. F. Bane, K. Yokoya, in Proceedings of 
the 1999 PAC99, New York.
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Diffraction Model
Periodic array of irises
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G. Stupakov, in Proceedings of the 1995 PAC, Dallas, Texas (IEEE, 
Piscataway, NJ,1996), p. 3303.
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Diffraction Model
Periodic array of irises (G.Stupakov)
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Diffraction Model
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Diffraction Model
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Diffraction Model
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Diffraction Model
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Surface impedance
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The effect of the oxide layer and the roughness can be taken into 
account through the inductive surface impedance
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Round Resistive Pipe with Roughness and Oxide Layer
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Surface impedance
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Limiting Value of the Wake at the Origin
The wakefield experienced by a point-like charge (loss factor) in a 
waveguide of fixed transverse dimensions is independent of the detailed 
properties of the slowdown layer (dielectric, conductive, corrugations)

K.L.F. Bane, SLAC-pub-11829, (2006).
K.L.F. Bane and G. Stupakov, Phys. Rev. ST-Accel. Beams 6, 024401 (2003)
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Limiting Value of the Wake at the Origin

S. S. Baturin and A. D. Kanareykin, Phys. Rev. Lett. 113, 214801 (2014)
S. S. Baturin and A. D. Kanareykin, Phys. Rev.  AB, 19, 051001 (2016)
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Limiting Value of the Wake at the Origin
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Combining Computations and Analytics

1 8 1 8 1 8

8 cavities + 9 belows =12m 12m 12m

Cryomodule 1 Cryomodule 2 Cryomodule 3

� Wakes for short bunches up to 50um  have been studied
� To reach the steady state solution 3 cryomodules are considered
� For longitudinal case the wakes were studied earlier by A. Novokhatski

et al*. The transverse results are calculated with ECHO**. 

**Weiland T., Zagorodnov I, DESY, TESLA-2003-19, 2003

*Novokhatski A et al, DESY, TESLA-1999-16, 1999

Wakefunctions of TESLA Cryomodule
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Combining Computations and Analytics

a – iris rtadius, g – cavity gap
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Wakefunctions of TESLA Cryomodule
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Combining Computations and Analytics
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Combining Computations and Analytics
Recently another method was suggested*.
. 
The idea behind the method is to use a combination of computer 
simulations with an analytical form of the wake function ����� for a given 
geometry in the high-frequency limit (optical or diffraction model).

*Podobedov B., Stupakov G., PRST-AB 16, 024401 (2013)

The crucial element of the method is that the smooth 
function		d��� can be obtained from simulations with long 
bunch by fitting to the formula.
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Impedance Database

O. Zagorodnova, T. Limberg, in Proceedings of 2009 PAC,(Vancouver, 2009).
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Impedance Database
Accelerator wakes. Q=1nC
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Impedance Database
Longitudinal+Transverse Wakes 3D

M. Dohlus et al, DESY 12-012, 2012.

I. Zagorodnov et al, NIM A 837 (2016) 69-79.
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https://github.com/ocelot-collab/ocelot


