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Wake field calculation – estimation of  the effect of the 
geometry variations on the bunch

First codes in time domain 
~ 1980

A. Novokhatski (BINP), 
T. Weiland (CERN) 

Used  at DESY now:
MAFIA, ABCI,

CST Microwave Studio,
ECHO 
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Maxwell‘s Equations



http://www.desy.de/~dohlus/2004/2004.09.holgers_seminar/asym&kick_sep2004.pdf
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If we know wake function then we can calculate wake potential 
for any bunch shape. For beam dynamics simulations we need the wake function.

The numerical codes can calculate only wake potentials 
(usually the Gaussian bunch shape for relatively large rms width is used).
But the real bunch shape is far not Gaussian one.

How to obtain the wake function? 

Motivation
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How to obtain the wake function? 
The deconvolution is bad poised operation and does not help.

Well developed analytical estimation for short-range wake functions 
of different geometries are available.
Hence we can fit our numerical results to an analytical model and define 
free parameters of the model.

Such approach is used, for example, in
A. Novokhatsky, M. Timm, and T. Weiland, Single bunch energy spread 
in. the TESLA cryomodule, Tech. Rep. DESY-TESLA-99-16 

T. Weiland, I. Zagorodnov, The Short-Range Transverse Wake Function 
for TESLA Accelerating Structure, DESY-TESLA-03-23

Motivation



There are hundreds of wakefield sources in XFEL beam line.

The bunch shape  changes along the beam line.

Hence, a database with wake functions for all element is required.

The wake functions are not functions but distributions (generalized functions).

How to keep information about such functions?

We need a model. 

Motivation
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Wake potential for arbitrary bunch shape

derivative of the bunch shape
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The main structure of DB



The main form of data base application 
contains a list of  element types,
parameters R, L, C 
and links to tables w0 and w_1.  



The click on button „General data” opens a description of 
the current element. This table can contain a reference to 
additional material: geometry description, input files for 
wakefield calculations, reports.



The same element type can appear several times along the beam line. 
Hence, we need to have all combinations of this element with different 
bunches.
The click on button „Wake” opens a form to assign a bunch to the current 
element and to calculate the wake potential for all possible combinations



Plot with wake potential of the current element with selected 
bunch shape can be seen.



The next table shows a long list of unique elements and 
integrated wakefield parameters for each of them. 



The click on button „Impedance Budget” opens a report 
with total impedance budget of the selected elements. 
The wakes are given for each bunch shape separately.

The click on button „Total Wake“ opens a plot with the 
total wake of all elements with current bunch shape.
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