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

Maxwell's Equations _ o _
First codes in time domain

0 ~ 1980
VXE=--"B,  VIB=0, A. Novokhatski (BINP),
9 T. Weiland (CERN)
VXHZEDH, VD = p,
H=u'B, D = ¢E, Used at DESY now:

MAFIA, ABCI,
CST Microwave Studio,
ECHO

nxE=0 on Q



wake fields and impedances
much more: Weiland, Wanzenberg DESY M-91-06
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wake potential
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Motivation

S

W (s) =~ j w (s =s)A(s")ds’

wake potential \ wake (Green) function

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

S

W (s) = j w (s = s)A(s")ds’
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How to obtain the wake function?
The deconvolution is bad poised operation and does not help.

wake potential wake (Green) function

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, |. 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.



Wake function model
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w(s) =W (s)+—+ Rcd(s)—c i[Lcé‘(s) +wD (S):|
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Examples
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Wake potential for arbitrary bunch shape

W (s) = —i w9 (s =) A(s")ds” —%i A(s")ds"— ReA(s) —

—c*L](s)—=c j W (s =) (5)ds’

N

derivative of the bunch shape
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Effective Relax. Oxid | Rough
N Element from to Length Material Conduct. Time layer ness
mm mm mm 1/0mm/m sec nm nm
Elliptical pipe 0 5288 5161 Aluminium | 3,66E+07 | 7,10E-15 300
2 Pump 5161 | 5266 105 Aluminium | 3,66E+08 | 7,10E-15 300
Absorber/Round
transition 5266 | 5288 22 Copper 5,80E+07 | 2,46E-14 300
Round pipe 5288 | 6100 652 Copper 5,80E+07 | 2,46E-14 300
Bellow 5288 | 5318 30 BeCu 174 | 2,78E+07 | 2,46E-14 300
Stainless
BPM 5373 | 5473 100 Steel 304 | 1,40E+06 | 2,40E-15 300
Bellow 5513 | 5543 30 BeCu 174 | 2,78E+07 | 2,46E-14 300
Round/Elliptical
8 transition 6100 | 6100 0
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The main form of data base application
contains a list of element types,
parameters R, L, C

and links to tables wO and w_1.

Wake Field Calculations for the XFEL Project

a‘ Search:
Type of element:| i R(Omm): L{H): C_inv(1/F): Link to w0 Link to w_1
ABS  [Absorber/Round transition W | 2.04E+01 | 0.00E+00 | 0.00E+00 AbsRes??mm.dat 0
PBEL  |Bellow W | 7EBOE-01 | D.ODE+00 | O.00E+00 BellowRes30mm.dat BellowDiff1.dat
BFM  |BFM W | 0.00E+00 | 0.00E+00 | 0.00E+00 BFMRes100mm.dat BPMdiff1.dat
FIFE  |Elliptical pipe W | 0.00E+00 | 0.00E+00 | 0.00E+00 EIPipeb161mm.dat 0
FIFR  |Round pipe W | 000E+00 | D00E+D0 | 0O0OE+00 | RoundPipeb52mm.dat 0
FUM  [Fump W | 113E+00 | 1KBE-13 | O00E+00 | PumpRes105mm.dat 0
RET  |Round/Elliptical transition W | 1.06E+07 | 0.00E+00 | 0.00E+00 0 0
¥ W | 0.00E+00 | D.O0DE+00 | 0.00E+00

General data Wake L R

Fecard: 14 ] 4 2 b [ M [#E|f 7




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.

=
Wake Field Calculationg
a‘ search:
Type of element:]
| |ABS  |AbsorberRound transition
P BEL |Bellow
| [BPM  [BPM
FIFE  |Elliptical pipe
FIFR  [Round pipe
FUM  [Fump
RET  |Round/Elliptical transition
[ ¥

= ~

Record: 14 1| 2 kM |ME|af 7

[olx)
H Date for the element of XFEL project Q@@ I
Material BeCu 174
Conductivity (1/0mm/m) 2.18E+07
Relaxation time (sec) 2 46E-14 ik p i
Oxid layer {nm) 5 I]d : ; _
a
Roughness {nm 300
J _ (nm) h.dat BellowDiff1_dat
‘ p.dat BPMdiff1_dat
Geometry (picture?) I_dﬂt 0
Report |m.dﬂt 0
¥ bh.dat 0
0
Recard: I | L b [ M vk of 3 o




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

ERE

.
¥ Calculating of the wake potential and Loss parameters
Wake Fie ABS Total count: 1
T - Bunch form Loss (V/pC) Spread (V{pC) Peak (¥/pC) Wake
IRy Y 'mmm 5.64E+D4 3.49E+04 1.15E+05 |Ab
v : . g sRes22mm_w.dat

BABS  [AhsorbenR J _

FEL  |Bellow Bunch50mkm j L.64E+04 J49E+04 1.15E+05 (AbsRes?Z2mm_w.dat

BPh  |BPK * j

PIPE  |Elliptical pif

FIFR  |Found pipe
FUk  [Fump
FET  |[Round/Ellip

Wake Potential ‘

Record: 14 1 | H|k¥|of 2

General data Long List ‘

Recard: 14 1 kM [k%|af 7

& |




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

Wake potential for the ABS

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

-]

E All elements

B
Type of Section Name of from (m) to {m) Loss Spread Peak \/_‘
element element (v/pC) (v/pCfm) (VipCim) ([N
PIPE] - [|SA1 PIPE 2173 5A1 2173.8911 2179.0521 2 079E+05 3.249E+05 b6.835E+05( v
PUM - [|5A1 PUM 2179 5A1 2179.0521 2179.1571 /.302E+03 1.045E+04 2. 780E+04| |»
ABS - [|5A1 ABS.2179.5A1 2179.1571 2179.1791 h.644E+04 3.489E+04 1.152E+05( v
FIPR - [|5A1 PIPR.2179.5A1 21791791 2179.8311 2.204E+04 4 790E+04 S011E+04| ¥
BEL - [|5A1 BEL.2179.5A1 2179.179 2179.2091 2.194E+04 1.019E+D4 3.597E+04| v
BPM - [|5A1 BPM. 2179 5A1 2179.2641 2179.3641 h 561E+D4 3.050E+D4 9.812E+04| |v
BEL - [|5A1 BEL.2179.5A1 2179.4011 2179.4311 2.194E+04 1.019E+04 3.597E+04| |+
FIPE - [|5A1 PIPE. 2173 5A1 21799911 21851521 2.079E+05 3.249E+05 b6.835E+05( v
RET - [|5A1 RET.2179.5A1 21799911 21799911 2 894E+04 1.753E+04 L 827E+04| v
FUM - [|5A1 PUM 2179.5A1 21851521 21852571 7/.302E+03 1.045E+04 2. 780E+04| v
ABS - [I5A1 ABS. 2179 5A1 21852571 21852791 h 644E+04 3.489E+04 1.152E+05( v
FIPR - [|5A1 PIPR.2179.5A1 2185271 21859311 2.204E+04 4.790E+04 S011E+04| ¥
BEL - [|5A1 BEL.2179.5A1 21852791 2185.3091 2.194E+04 1.019E+D4 3.597E+04| v
BPM - [|5A1 BPM.2179.5A1 21853641 21854641 K 561E+04 3.050E+04 9.812E+04| v
BEL - [|5A1 BEL.2179.5A1 21855011 21655311 2.194E+04 1.019E+04 3.097E+04| v
RET - [|5A1 RET.2179.5A1 2186.0911 2186.0911 2 894E+04 1.753E+04 h 827E+04| v

Select wake|
Pecord: 14 | || 1 bk |H |HE| af 16

Wake plot

Select all records | ( Impedance budget | )

J




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.

ﬁ B Loss, spread), peak parameters
Name of bunch

Loss

(¥/pC)

Spread
(V/pCim)

Peak
(v/pCim)

Link to the wake

EBX

' P| Bunch25mkm

4. 203E+05

4. 482E+05

1.108E+06

Total SUM | 4.203E+05| 4.482E+05| 1.108E+06
b AES RET TSt TTRET 2T 7T oAl g Rk g ik L SR D | L T T | N
BEL i PUM - ||5A1 -~ |PUM.2179.5A1 21851521 2185.2571 {.302E+03 1.045E+04 2. 780E+04| v
BFM i ABS - [|SA1 -|ABS.2179.5A1 2185.2571 21852791 5.644E+04 3.489E+04 1.152E+05| W
FIFE PIPR - ||5A1 -~ |PIPR.2179.5A1 21852791 21859311 Z2.204E+04 4. 790E+04 9S01E+04| W
PlPR I nri Ccad [T B =T =] O4 0 010 O4 0 O T YT FEFTTT - o o noal =
FLIR Select wake Wake plot Select all records | ‘ Impedance budget
FET ! .
* Record: _I4 T _» o1 [p] of 16 .| | L[J

General date

The click on button ,Total Wake" opens a plot with the

wake |
Record: 14 1 k| M |kH|of 7

Cong List

al

'_Lq.

E

total wake of all elements with current bunch shape.
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