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Wake function model
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Wake potential for arbitrary bunch shape
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derivative of the bunch shape



We have N normalized charge distributions 4, :

_[/Il.(s)ds =1,i=1,.,N
We can calculate the first two moments of the distributions:

= [sA(s)ds, 0= (=) Als)ds

The wake potential of the distribution 4, can be written in the
normalized coordinate p as:

W(p) =W.(po; + 1,).

The total wake potential and the averaged bunch shape can be defined as:
= N N N
W (p)=D Wi(p) =) Wi(po, + ). z(p)=%20i4<pai ).
i=1 i=1 i=l1

Then the loss factor and energy spread can be defined as:
Loss = [W(p)A(p)dp

Spread =~/(W(p)— Loss)* A(p)dp.




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.

=B

Wake Field Calculations for the XFEL Project
ﬁ‘ Search:

Type of elemen’r:| R {Omm): L(H): C_inv(1/F): Link to wi Link to w_1
ABS  [AbsorberRound fransition 204E+01 | 0.00E+00 | 0.00E+00 AbsResd?mm.dat I
BEL  |Bellow 7ROE-01 | 0.00E+00 | 0.00E+00 BellowRes30mm.dat BellowDiff1.dat
BFM  [BPK 0.00E+00 | 0.00E+00 | 0.00E+00 BFtRes1 00mm. dat BFMdiff1 . dat
CAY  [TESLA Cawity 0.00E+D0 | 0.00E+00 | 0.00E+00 TESLA_Cavity.dat I
CAYI  [3rd harmonic cavity 0.00E+00 | 0.00E+00 | 0.00E+00 AROH caw.dat JROH_cavDiff1.dat
FIPE  |Elliptical pipe 0.00E+D0 | 0.00E+00 | 0.00E+00 ElPipeb161mm.dat I
FIFE  [Round pipe 0.00E+00 | D.00E+00 | 0.00E+00 FoundFipebbZmm.dat I
FUM  |Pump T13E+00 | 1.BBE-13 | 0.00E+00 PumpRes105mm.dat I
FET  |Round/Elliptical transitian T.0eE+01 | 0.00E+00 | 0.00E+00 I I
TOS  [Transverse Deflecting Struct, 0.00E+00 | 0.00E+00 | 0.00E+00 TDS _cav.dat TDS_cavDiff! dat

General data ‘ Wake Long List

Record: 14 1 F|H of 10




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 wake
field calculations, reports.

B - ; >"- I
@ = Data for the element of XFEL project g@]g| "“B“D m‘
wake Field Calculations for Material | | BeCu 174 N
& seocn Conductivity (1/0mm/m) | | 2 78E+07
Type of element] Relaxation time (sec) || 2 46E-14 ik |
ABS  |AbsorberBound transition Oxid layer {nm) || 5 0
b (BEL Bellow Huughness (nm) | | 300 BellowDiffl .dat
BFr  |BPM BPIf dat
CAY  [TESLA Cawvity 4BBIGeometryipicturel) 0
CANI  |3rd harmonic cawvity !Geumetw (picture?) IRDOH_cawDiffl dat
PIFE EII|pt||:aI.p|pe |Desi e y— 0
PIPR Found pipe General_Data/Undulator/Design_Review_Bellows,ppk - 8| L
FUM  |Pump Beport | :
RET Found/Elliptical transition !Undulﬂtur Intersection(picture1) i
TOS Transwverse Deflecting Struct. !Undmﬂmr Intersection{picture?) TOS_cawDiffl.dat

!Undulﬂtur Intersection{Table)
* | —

/\ Record: |14 | 1 k| Ml |k¥E|of 7
General data Wake Long List fyl+ ]

Record: 14| 4 z » M of 10 4 | 3




The same element types 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

Waldts) Calculating of the wake potential and Loss parameters

TESLA Cavity

Bunch form Loss (W{pC) Spread (V/pC) Peak (¥/pC) Wake
|Eau3324ﬂﬂmkm 7_6GE +D0 | 3 40E+D0 | 1.14E+01 |TE5LA_Eavity_w2.dat Wake |

|Eauss12l]mkm 1.67E+01 | EI.I]1E+I]I]| 2.94E+M |TE5LA_Eavity_w3.dat Wake

|Eau3325mkm 1.91E+0 | 1.07E+01 | 3.57E+M |TE5LA_Eavity_w4.dat Wwake

[Im—;[ New Wake Potential | Delete record

BunchZ5mkm
=) 5 auss2400mkm
Gauss120mkm
Gauzs?5Smkm

N

General data ‘ @ Long List i+ i

Record: 14 4 4 ¢ | of 10 4| | 3




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

WV /pC]
2.E+01 1

1.E+01 //-\\
5.E+00
0.E+00
.02 7.E03 E03 3.E03 8.E03 1.E02 : 7]
5.E+00 \ /
A1.E+01
S

-2.E+01 -+

S [m]

Loss =|?.ﬁﬁE+I]I] Spread =|3.4I]E+I]I] Peak =|1.14E+I]1




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

£ All elements

MNumber of selected elements in this st 14
liypnlofesmenk | geetion | Hame of Loss Spread Peak
T |A.II | - | |AII | - | Mumber | element ‘ from [m] to [m] ¥/pC] ‘ [¥/pC/m) ‘ [¥/pC/m] \/‘

P |ABS CAY n BICAVY.32. 32.7597 33.7971 7. 662E+00 3.402E+0D 1.140E+01| L
BEL CAY L1 2|CAV.95.L1 95.2904 963231 7. 662E+00 3.402E+0D 1.140E+01| |
BF CAV3 L1 48|CAVI142.11 142.8149 143.1608 9.777E+00 4.027E+00 1.403E+01| |
BF CAY L2 96|CAV.230.L2 2304536 231.4913 1.673E+01 9.009E+0D 2.943E+01| |
Cay CAY L3 B00|CAY . 464.L3 464 564 465 6017 1.915E+01 1.070E+01 3.565E+01| |
Cay PIPE SA1 B3|PIPE.2173.5A1 2173.8911 2179.0621 2.387E+02 2.734E+02 L2B1E+D2| ¥ |
CoL PUM SA1 RIPUM.2179.5A1 2179.0621 2179151 8.662E+00 9. 649E+00 1.937E+01| ¥ |
FLA ABS SA1 321ABS 2179.5A1 2179151 2179179 6.974E+01 2.773E+M 9.908E+01| ¥ |
kIC PIFR SA1 2|IFIPR.2179.5A1 2179177 21798311 2165E+01 3.227E+0 L.865E+01| ¥ |
FIFZY  |BPM 541 32|BPM.2179.5A1 2179.2641] 2179.3641| 7.119E+01| 2.963E+01| 1.030E+02|~ |
FIF BEL SA1 B4 BEL.2179A.5A1 2179401 2179431 2.518E+0 8.699E+0D J.358E+01| W |
FIFH RET SA1 2|RET.2179.5A1 21799911 21799911 3.586E+01 1.410E+01 L.OME+D| ¥ |
FU PIPE SA2 2|IFIPE.2173.5A2 2173.7969 2178.9579 2.387E+02 2.734E+02 L2B1E+D2| [ |
FU PUM SA2 PUM.2178.5A2 2178.9579 2179.0629 8.662E+00 9. 649E+00 1.937E+01| [ |
RE ABS SA2 111ABS 2179.5A2 2179.0629 2179.0849 6.974E+01 2.773E+M 9.908E+01| |
TOS PIPB CAZ Hippn 2179 SA? 2179 N{Aq 2179 7389 21RRF +01 3 227F 01 R BRRF N1 ™

* Select wake Wake plot [hl.llrl:::l:;leg,;r:::atr.:adsg:::tiuns] [elelr;ngrﬁdt::z: Ia]:ggsi:ctinns] —

record: 4| [T 1 _» | M| of 34 | L|J

General data

Form Yiew

YWake

Record: 4 1 k| M |M¥E]|f 16

Long List

_ & |




The click on button ,Impedance Budget” opens a report
with total impedance budget of the selected elements.

This table presents the summary results for different
sections and bunch shapes.

¥ Loss, spread, peak parameters Q@@

I Section Mame of bunch Loss Spread Peak Link to the wake &

I [¥/pC] % [¥/pC/m] % [¥/pC/m] % —

I biL1 Gauss2400mkm 71145E+02| 2 3.009E+02| 3 1.035E+03| 2 |wake_ LI ‘Wake —

I I Gauss2400mkm 6.129E+01| 0 2.722E+01| O 9123E+01| 0 |wake_ I Wake —

I All Gauss2400mkm 7.758E+02| 2 3.279E+02| 3 1.126E+03| 2 |wake_Gauss2400mkm Wake ﬂ@

I L2 Gauss120mkm 1.606E+D3| 5 8.649E+02| 7 2.826E+03| B |wake L2 Wake =

I B1 Gauss120mkm 2.524E+02| 1 1.178E+02| 1 3.952E+02| 1 |wake Bl Wake " —

I All Gauss120mkm 1.859E+03| 5 9.820E+02| 8 3221E+03| 7 |wake_Gauss120mkm Wake J

I SAl Gauss2bmkm 1.612E+04| 46 1.171E+04] 101 2.881E+04] 60 |wake SAT Wake

I L3 Gauss25mkm 1532E+04] 43 8.561E+03| 74 2.852E+04| 60 |wake L3 Wake |

I B2 Gauss25mkm 1.325E+03| 4 5595E+02| 5 1910E+03| 4 |wake B2 Wake u

I All Gauss2bmkm 3.276E+04] 93 1.099E+04| 95 4474E+04| 94 |wake_Gauss2bmkm Wake u

I All bunch_total 3.539E+04| 100 1.162E+04| 100 4.774E+04| 100 |wake_total Wake u

I [

j Y i

e B}
v L1 2cavesll [ 95.2904 96.3281] 7.662E+00] 3.402E+00] 1140E+01] [

Wake plot [hlllrrlll:pllegli:alc:al:adsg:::tiunx] [elelmmtlejrﬁdl::z: ::ggsl::tctiuns] ‘ Select wake J

Record: M| | 2 b [ M[pk|of 3




Print version of the summary results.

Trmpedance Budget af XFEL Project
Seation  Bunchbhape Toms (FAF) % Swead (VAF) %% Peak (VAF) %a
L1 Gaus=2<400mbkm TS E+OZ z F09E+OZ 3 1.0G5 B+
i Gaus=24H0mkm G A29E+01 0 2 722E+M 1} 9A23E+
Al Gaus=s24H0mkm TSRS B 2 3 ITAE+IR 3 1126 BE+002 2
Lz Gauss120mbkm 160G E+03 i 8 E+O2 T 2 GBI G
B1 Gauss120mkm 252442 1 1 ATSE+O2 1 3962 B2 1
Al Gauss120mkm 1. 859 B+ kil 9 820 B+ g 3.0 B+ T
T | Gauss2imkm 1.612E+04 B 1171 B+ M 2281 B+ z11]
L3 Gauss2amkm 1532 B+ 43 9561 B+ T4 2 052 B+ G0
B2 Gauss2amkm 1. 325 B+ 4 5. 5B+ b3 1.910 B+ 4
Al Gauss2ambkim 3 ATHE+D a3 1.H9E+ a5 4 4B+ a4
Al Total bunch 3RO B+ 100 1162 B+ 100 4 T4 B+ 100
Mondm; Hevambar 03, 2008 Pogs Tl

FPage; Iil




This table presents the summary results for different
sections and types of elements.

A

& Loss, sread, peak parameters EEL
Section Type of element | Number of Loss Spread Peak S— :
elements [¥/pC) 4 [¥/pC/m) % [¥/pC/m) -4 Mumber of zelected elements in this st 14
b [SAT ABS 32 2 232E+03 6 8.874E+02| 8 3171E+03] 7 Spread Peak
SAl BEL 64 1611E+03] 5 5 567E+02] 5 2 149E+03] 5 J (V/pC/m) ‘ [V/pL/m) \/‘
SAT BPM 32 2 278E+03] 6 9 481E+02| 8 3.297E+03] 7 E+02] 5.890E+01] 1.976E+02[~
SAT PIPE 33 7 876E+03] 22 9 023E+03] 78 1.736E+04| 36 JE+02] 9.325E+01] 3.184E+02]
SAT PIPR 32 6.929E+02| 2 1.033E+03] 9 1.877E+03] 4 fE+06] 1.802E+06] 4.217E+06[
SAT PUM 32 2 772E+02| 1 3.088E+02| 3 6.199E+02] 1 E+03] 4.483E+03] 1.474E+04[
SAT RET 32 1.147E+03| 3 4513E+02| 4 1623E+03] 3 E+03] 5.303E+02] 1.737E+03[
SAT 1.612E+04| 46 1.171E+04| 101 2 881E+04| B0 E+02] 2.474E+02] 8.975E+02[
L3 CAV 800 1532E+04| 43 8 561E+03| 74 2 852E+04| B0 fE+08] 3.434E+08] 1.199E+09{ |
L3 1532E+04| 43 8 561E+03| 74 2 852E+04| 60 E+09] 9.272E+08] 3.239E+09
L2 CAV 96 1.606E+D3| 5 8.649E+02| 7 ? 826E+03] 6 E+00] 3.402E+00] 1.140E+01|~
L2 1.606E+D3| 5 8.649E+02| 7 ? 826E+03] 6 E+00] 3.402E+00] 1.140E+01|~
L1 CAV 32 2 A52E+02| 1 1.089E+02| 1 3649E+02] 1 E+00] 4.027E+00] 1.403E+01|~
L1 CAV3 48 4693E+02| 1 1.933E+02| 2 6.732E+02] 1 fE+01] 9.009E+00] 2.943E+01[F
L1 7.145E+02| 2 3.009E+02| 3 1.035E+03] 2 E+01] 1.070E+01] 3.565E+01|
n CAV 8 6.129E+01| 0 2722E+01| 0 9123E+01] O E+02] 2.734E+02] 5.261E+02[W
n 6.129E+01| 0 2722E+01| 0 9123E+01] O E+00] 9.649E+00] 1.937E+01|~
B2 TDS B 1325E+03] 4 5 E95E+D2| § 1910E+03] 4 RErTT 2 77301  Gumesail iz
B2 1.325E+03| 4 5 595E+02| 5 1.910E+03| 4 Impedance budget
B TDS 7 9 52AE+02] 1 T176E+02] 1 3.952E+02] 1 (s ey csion]
S —
B1 2 524E+02| 1 1.178E+02| 1 3.952E+02| 1 | |
All 3.539E+04| 100 1.162E+04| 100 4.774E+04| 100
s 1]
record: 4| < [[ 1 _» | M |ri]of 22 o =
pre——r ok , |
orm Wiew




European XFEL:
E~2GeV I=5kA  E~175GeV

CL

LINACZ

RF-GUN LINACO LINACA

ok diagnoslic

100 TESLA Modules ‘ UNDULATOR

LALIMP

12 cavity BPMs
with step from R=20.25 mm
to R=5mm



Impedance budget |mpedance budget without

Section  El type Num. Loss (VipC) % Spread(ViPc) % Peak(V/Pc) % -
Iz undulator sections
CAV 800 1.53E+04 34 B.56E+03 50 2.85E+04 46
1.532+04 34 8.56E+03 50 2.85E+04 46
L2
CAV 96 1.61E+03 4 B.B5E+02 5 283E+03 5
1.61E+03 4 8.65E+02 5  283E+03 5
L1
CAV 3z 2.45E+02 1 1.09e+02 1 3.85E+02 1

CL

BFMCL 12 7.66E+03 17 297E+03 17 1.08E+D4 17
DoTaE+uT Y =] u RIS u
CL
BPMCL 12 T7.66E+03 17 2.97E+03 17 —TDBE+04 17 .
coLL 4 5.72E+03 13 277E+03 16 8.59E+03 14 12 CaVIty BPMS
FLANG 500 1425403 3 573ER2 3 200E+03 3 W|th Step from R=2025 mm
KICK 4 4.945+03 11 200E+02 12 715E+03 11 _ 0
PIP20 1 5.40E+03 12 3.95E+02 23 025E+03 15 to R_Smm prOduce 17 /0
PUMCL 78  5.96E+02 1 241E+02 1 B843E+02 1 Of the energy Spread
257E+04 57 1.17E+04 B9 3.79E+04 1 C
— : — in impedance budget
ws 8 ameaw 3 swee 3 1eEa ; from injector to undulator
1335403 3 560E+02 3 1.01E+03 3
BI
DS 2 2525402 1 1186402 1 305E+02 1
2525402 1 1.18E+02 1 308E+02 1
Al
4505404 100 1.70E+04 100 6.25E+04 100

Monday, Nevember 03, 2008 Pagelaf1



Impedance budget

Impedance budget with

Section  ElL type  Num. Loss (VipC) % Spread(V/Pc) % Peak(V/Pe) %
542 n
ABS 41 2.86E+03 4 1.14E+03 5  4.0BE+D3 4 SAS E 2 I nCI Uded
BEL 82 2.06E+03 3 TA3E+02 3 275E+0D3 3
BPM 4 2.92E+03 4 1.21E+03 5  422E+03 5
FIPE 42 1.00E+04 15 1.15E+04 46 221E+04 24
PIPR 4 8.86E+02 1 1.32E+03 5  240E+D3 3
PUM 4 3.55E+02 1 3.96E+02 2 TO4E+02 1
RET 4 147E+03 2 BTBE+D2 2 2.08E+03 2
2.06E+04 31 149E+04 59 368E+D4 40
L3
CAav 800 1.53E+04 23 8.56E+03 34 2.85E+04 n
1.53E+4 23 8.56E+03 34 285E+D4 ki
L2
A kil
1.61
7 CL
CAV 32 245
cAVZ 4 460 BPMCL 12 {.66E+03 2.97E+03 12 1.028E+D4 12
7,14 ——
1
CAV ] B.13E+01 0 2.72e+0 0 812E+01
£.135+01 0 2725401 0 9125+D1 1 2 CaVIty BPMS
CL
BPMCL 12 7.B6E+03 12 2.97E+03 12 1.08E+D4 12 Wlth Step from R=20.25 mm
COLL 4 5.72E+03 9 2T7E+03 11 B3.59E+03 g — o
FLANG 500 1.42E+03 2 BT3E+02 2 2.00E+03 2 to R_ 5 m m p rOd u Ce 1 2 /0
KICK 4 4.94E+03 a 2.09e+03 8 T.15E+03 8
PIP20 1 5.40E+03 a 3.95E+03 16  9.25E+03 10 Of the energy Spread
PUMCL 78 5.96E+02 1 2AE+D2 1 8.43E+02 1 i n i m pedance budget
2.57E+04 39 117E+04 47 3T9E+D4 41 . .
from injector to undulat
— rom injector to unauiator
TDS 6 1.33E+03 2 560E+02 2 19E+03 2
1.33E+03 2 5.60E+02 2 1.9E+03 2
BI
TDS 2 2.52E+02 0 1.18E+02 0 3.95E+02 0
2.52E+02 0 1.18E+02 0 3.95E+02 0
All
G.56E+04 100 2.51E+04 100 9.23E+04 100
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