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Overview

1 Numerical Methods for Wake Filed Calculations
_l low-dispersive schemes
_l indirect integration algorithm
1 modelling of conductive walls
1 optical approximation
I slowly tapered transitions
1 The European XFEL Impedance Budget
1 cavity and couplers wakes
I collimator wakes
I high-frequency impedances
I longitudinal impedance budget
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Low-dispersive schemes

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)
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Low-dispersive schemes

TESLA
cavity
% Gaussian bunch with RMSlength o =50um
3 cryomodules to reach steady state
—about 36 m
New projects — new needs
- short bunches;
- long structures;
- tapered collimators
New methods are required Solutions
- without dispersion error - zero dispersion in longitudinal
accumulation:; mm) direction;
- “staircase” free: - “conformal” meshing;
- fast 3D calculations on PC - moving mesh and “explicit” or

14 477
split” methods
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Low-dispersive schemes

j=cp

Long smooth structures in 3D

MAFIA, ABCI ECHO-3D
E/M" scheme TE/TM™ scheme
@ grid dispersion © zero dispersion in longitudinal
® staircase geometry direction.
approximation © staircase free
® moving mesh demands (second order convergent)
interpolation © travelling mesh easily

(mesh step is equal to time step)
"E/M- ,electric - magnetic” splitting of the field components in time = Yee's FDTD scheme
“TE/TM- ,transversal electric - transversal magnetic” splitting of the field components in time
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Low-dispersive schemes
E/M and TE/TM splitting

Subdue the updating procedure
to the bunch motion

»
»

I, T,HIr/2 1,+T

E/M splitting TE/TM splitting
hn en+0.5 en hn+0.5
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MAFIA ECHO-3D
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Low-dispersive schemes

3D simulation. Test examples

Moving mesh 20 TESLA cells structure

] 3 geometry elements

The geometric elements are loaded at the instant when the moving mesh reach them.
During the calculation only 2 geometric elements are in memory.
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Low-dispersive schemes

MAFIA ECHO-3D
E/M-25D N 0 | | |
W
VIPC,
20/
30/
TE/TM -3D
(Az=Ax/3=Ay/36/—2.\5>
05 0 0.5 1 15 “Bs 0 0.5 1 ~—1s
s/cm s/cm

Comparison of the wake potentials obtained by different methods
for structure consisting of 20 TESLA cells excited by Gaussian
bunch g =1mm

E/M splitting N7 ~ g TE/TM splitting N7 ~O

L
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Low-dispersive schemes
3D simulation. Collimator

]

]
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Low-dispersive schemes

ABCI ECHO-3D
W, 40 E/M-25D Ky W, 15 | .o
V/pC Or z=0/5)- ! \ V/pC TE/TM -3D—",
I \ 10} _ —
20+ (Dr 7= 0—/10) ...... 1 ;.-...‘\‘ ] (DZ =0.5] Y=
;'. X 5 =0.51x=0/5)

| -15} £
85 0 0.5 -0.5 0 0.5
s/cm s/cm
Comparison of the wake potentials obtained by different
methods for round collimator excited by Gaussian bunch ¢ =1mm

TE/TM method — fast, stable and accurate with coarse mesh

Zagorodnov I., Weiland T., TE/TM Scheme for Computation of Electromagnetic
Fields in Accelerators // Journal of Computational Physics, 2004.
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Low-dispersive schemes

E’m Rmﬁ#uﬁs“ Etﬁm‘cl'ggﬁt_nqh Hﬁ-ﬁ'hﬁﬁ‘l\"ét 'k_hb

IEEEEE AT

L | I i | I i
| -0.00 oo 0 100 130 Lo Z730 il

moving mesh

U bunch

e

I Electromagnetic
Code for
Handling

~— Of

Harmful
Collective
Effects

Zagorodnov I, Weiland T., TE/TM Field Solver for Particle Beam Simulations without
Numerical Cherenkov Radiation// Physical Review — STAB,S, 2005.
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Low-dispersive schemes

~zero dispersion in z-direction accurate results with
-staircase free (second order convergent) coarse mesh
~-moving mesh without interpolation

~ in 2.5D stand alone application

Model and
mesh in CST Preprocessor Postprocessor
Microwave in Matlab In Matlab
Studio

~-in 3D only solver, modelling and meshing in CST Microwave Studio
~allows for accurate calculations on conventional single-processor PC

~To be parallelized ...
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Indirect Integration Algorithm

O. Napoly, Part. Accel. 36, 15 (1991).
O. Napoly, Y. Chin, and B. Zotter, Nucl. Instrum. Methods Phys. Res.. Sect. A 334, 255 (1993).
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PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS
9, 102002 (2006)

Indirect methods for wake potential integration

Igor Zagorodnov
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Indirect Integration Algorithm
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FIG. 5. The rectangular collimator. Contour C_, for direct integration and cross section %, for
indirect integration algorithm.
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Indirect Integration Algorithm

100

W, [V/pC]

a=8nﬁn,b=5nun, and ¢ = 20 mm
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Modelling of Conductive Walls

L 4
L 4
r
y

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 15, 054401 (2012)

Hybrid TE-TM scheme for time domain numerical calculations of wakefields in structures
with walls of finite conductivity

Andranik Tsakanian
CANDLE, Acharyan 31, 0040, Yerevan, Armenia

Martin Dohlus and Igor Zagorodnov

DESY, Notkestrasse 85, 22607, Hamburg, Germany
(Received 23 February 2011; published 9 May 2012)
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Modelling of Conductive Walls

Steady-state wake 1n the pipe

Gaussian bunch with RMS length

xk = 100S/m s =1 mm
I a = lcm ECHO result 1s a difference between the
wakes for a pipe of 2 m and a pipe of 1 m.
W, [V/pC/m] Wy [V/pC/m?]

=20t

analytical -40}

-60}
analytical

=80}
2l
-100¢
ECHO
B3 0 5 %% 0 5
s/ c s/ o
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Modelling of Conductive Walls
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Optical Approximation

G. Stupakov, K. Bane, and 1. Zagorodnov, Phys. Rev. ST Accel. Beams 10, 054401 (2007).
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Optical Approximation

K.L.F Bane and 1. Zagorodnov, in Proceedings of the European Particle Accelerator Conference,
Edinburgh. 2006, pp. 2952-2954.
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Optical Approximation

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS
10, 074401 (2007)

Impedance calculations of nonaxisymmetric transitions using
the optical approximation

K.L.F. Bane and G. Stupakov
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309, USA

O ¥ 4 — I. Zagorodnov

Deutsches Elektronen-Synchrotron, Notkestrasse 85, 22603 Hamburg, Germany
- (Received 5 March 2007; published 10 July 2007)
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FIG. 20. (Color) Longitudinal impedance for transitions of the LCLS rectangular-to-circular type,
giving Zj ,;c. Zjcrr» and their sum (Z ), as functions of circular radius a. The rectangle width 2w =

4g. The ECHO result for (Z),g. from Ref. [9], is given by the black dot.
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Slowly Tapered Transitions

1 ¥ oy s O
Wis, H}—IWA I 1 W (s, 0.)=Wi, 1A

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS
14, 014402 (2011)

Impedance scaling for small angle transitions

G. Stupakov and K. L. F. Bane
SLAC National Accelerator Laboratory, Stanford University, Stanford, California 94309, USA

L. Zagorodnov

Deutsches Elektronen-Synchrotron, Notkestrasse 85, 22603 Hamburg, Germany
(Received 24 September 2010; published 10 January 2011)

Igor Zagorodnov | Collaboration Meeting at PAL| 2-6. August 2013 | Seite 22



Slowly Tapered Transitions

As a 3D (noncylindrically symmetric) example we consider a longitudinally symmetric,
small angle transition, from a large beam pipe to a small one and then back again, with the
central region taken to be infinitely long. In the horizontal (x) direction the beam pipe remains
unchanged; the transition occurs only in the vertical (y) direction. For the nominal geometry,
the large beam pipe has a square cross section of 30 mm by 30 mm (x X y), the small one is
rectangular with dimensions 30 mm by 15 mm, and the central region is assumed to be long.
The connecting pipes are straight line tapers (in y) of angle 3° (see Fig. 7). The nominal bunch
length . = 0.5 mm. For the scaled case we take A = %
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Cavity and Coupler Wakes

Cryomodule 1 Cryomodule 2 Cryomodule 3

1 8 1 8 1 8

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

N -
—

3 cryomodules = 36 meters

Transverse wakes for short bunches upto o0 =50um have been
studied.

To reach steady state solution the structure from 3 cryomodules is
considered.

For longitudinal case the wakes were studied earlier by Novokhatski et
al”. The transverse results are calculated with ECHO™,

“Novokhatski A, Timm M, Weiland TSngle Bunch Energy Sporead in the TESLA Cryomodule,
DESY, TESLA-1999-16, 1999

“Weiland T., Zagorodnov The Short-Range Transverse Wake Function for TESLA Accelerating
Sructure, DESY, TESLA-2003-19, 2003
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Cavity and Coupler Wakes

. 2 s
The wake functions at w(s)O=| wW(2dz (1
short distance are o v ) g'LLAE?S‘SE’_
approximately related b 2 o i
PP y y oW (0) O0Sw(0) (2 gggg LCC-0116,

Different behavior!

One-cell structure Periodic structure
_ 4 g 05
W (s) = \/_ﬂa\/: ~0(s™7) vv”(s)—A exp(—\/S/So) ~0 (1)
_ 2 ZOC B - J5/s _
w9 =232 g o w9 = S A2s (1o (1455 )e ) -0

A S,,S, - fit parameters

a — iris rtadius, g — cavity gap

S, = S, —relations (1), (2) hold exactly

Sy 7S, - only relation (2) holds exactly
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Cavity and Coupler Wakes

]
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Comparison of numerical (points) and analytical (lines) integral parameters for the third

: - cryomodule
Like periodic structure! y
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Cavity and Coupler Wakes

WPV I pC o WPV [ pC
o =700um e
-100¢ -100¢ =
-200¢ 1 -2007
200 200 "_/wa‘lke fungtlon |
-5 0 0.1 0.2 0.3

s/cm

Comparison of numerical (grays) and analytical (dashes) longitudinal
wakes for the third cryomodule

W3 /V /pC/m W:/V/pC/m

-600 , 600—— ‘
=700
400/ o= 400"
-200' 200"
~—Wake function
O 0 </g ° ™0 01 02 03
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Comparison of numerical (grays) and analytical (dashes)

transverse wakes
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Cavity and Coupler Wakes

HOM coupler K1 Proceedings of EPACO8, Genoa, Italy TUPPO19

WAKEFIELD AND RF KICKS DUE TO COUPLER ASYMMETRY
IN TESLA-TYPE ACCELERATING CAVITIES *
K.L.F. Bane. C. Adolphsen. Z. Li, SLAC. Stanford, CA 94309, USA
M. Dohlus, I. Zagorodnov, DESY, Hamburg, Germany
L. Gonin, A. Lunin, N. Solyak, V. Yakovlev. FNAL, Batavia. IL 60510, USA
E. Gjonaj. T. Weiland. TEMF, TU-Darmstadt, Germany

¥ [mm]

20

] x [mm]

: . 3 —4ﬂ”””—l2.ﬂ”””ﬂ”””ﬂ.:l”””&m
Figure 1: Sketch of an ILC cavity with the HM couplers

(top). View from the downstream end of a cavity showing

(s W bertertibondboanss TN ewerbu iy Figure 2: The profiles of the three couplers of a cavity.

as seen from the downstream end. The solid circle is the
coupler beam pipe. the dashed circle the ir1s aperture.
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Cavity and Coupler Wakes

Table 1: Wake kick on-axis (kz0.kyo) due to coupler asym-
metry. for bunch length o, = 1 mm. in [V/nC] (ECHO).

Case

Numerical Analytical

Couplers 1n pipe
Couplers 1n cavity

Steady-state solution

(—21.2, —18.6)
(—10.8,—10.0)
(—7.6,—6.8)

(—20.8,—17.1)
(—12.7,-7.0)

~W [V/nC]
50

a0 f
30f
20f

10}

Figure 3 Pl':_’ts ':ff _FVEG{S_) (solid) and —Wo(s) (dasl_led) Figure 4: The steady-state solution: (a) on-axis kick factor
for couplers in pipe. in cavity. and the steady-state solution. 5 function of 0, (GdfidL): (b) —Wxo(s) (solid). —Wyq(s)

(dashed) for o, = 300 pm. Dots indicate bunch shape.
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for o, = 1 mm (ECHO). Dots indicate bunch shape.

Kk [V/nC]

[ Phei: red
[ Gdfdl.: brown

20 Echo: blue




Collimator Wakes

K. Yokoya. Impedance of Slowly Tapered Structures, Tech. Rep. SL/90-88 (AP).

CERN, 1990.
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Collimator Wakes

The geometry optimization with regard to the near-axis wakefields (c=50um)

. 200 mm
== #l —— Optimal parameters
| |
' |
7\ ' 100 mm | b, mm 2 3 6
: e - ﬂ?mm
d! e | dmm 45 55 10
U S | A |
Geometry of the “step+taper” collimator | .Zagorodnov et al, DESY, TESLA-2003-19, 2003
400 ” 10 a
M ' d=17mm i m, d=2mm il RN
200 g7/ pC 1 8 17/ pC/lmm \ /7
6 e o= d=17Tmm
0 ,’,’ \\\ Ve
200 | 4 ,",’ d =4 5mm .
2 P N,
-400 | O — § —
-600 | ol S
2005 0 5 45 0 5
s/a slo
The longitudinal wakes The transverse wakes

for the aperture b=2 mm for the aperture b=2 mm
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Collimator Wakes

Near-wall wakefields of the optimized geometry

L.(9) (0=50um)
V1 pC 6 | | | L,(n) 360 \
5 L.(7,0) . Vv/pC L,(7.5)
340 |
4
320 |
s S
5 ALL0) 300
.... L||(015)
1 : 280
% 0.5 1 15 2 260,, 05 1 15 )
ob/mm Sb/mm
The kick factor for the aperture b=2 mm The loss factor for the aperture b=2 mm

The loss factor increases only by ~20% up to the ap  erture wall.

The kick factor shows fast grows near the wall

-In(1-8), 5—>1.
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Collimator Wakes

Axially symmetric taper Flat rectangular taper 2w x 2h, w>>h

& r‘(z) VAR h'(z)2
I 1L W
Z (k=== | & Zret (B =——"" | gz

K. Yokoya, 1990 G. Stupakov, 1995

Elliptical x-section taper 2w x 2h, w>>h

Z, 7, (=) ' ] = (=) : , k<~ :
Z:ﬂ (k):_';zﬂ Idzh(( ))2_ Z;y(k):_lzizw J-dz ( ) Zx h<<l. k< 1,-'hmm
L z

3
h(z) L w<L, k<~2lWpp
B. Podobedov & S. Krinsky, 2006

These are inductive regime impedances. Tapers are gradual to be effective.

Functionals lend themselves to simple boundary optimization.
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Collimator Wakes

IMPEDANCE MINIMIZATION BY NONLINEAR TAPERING

Boris Podobedov®, BNL/NSLS, Upton, New York, USA

Igor Zagorodnov®, DESY, Hamburg, Germany

Optimizing boundaries

! i |
() =h A+ (h /h,  —1)xz/L)
S R S — |
™ : linear | linear
. exponential :
i optimal ver. Wz)=h_ (h Ih.)'*
exponential to minimize Z, (or Z, /->1)
: i
S )= :
(1+((hmfhm) —1);-,"L)
0 “optimal vertical” to minimize Z,

Reduced slope @ small A(z); big difference when f,,/A,>>1

AU Bypayl =20 predict factor of 2 reduction for Z, or Z,, factor of ~3 for Z,
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Collimator Wakes

Impedance Reduction for Axially

L, reduction for exponential tapering L (f)for rJrin=18, Iy, =1cm
1 : ' g_ 4 :
| —Theory S
c | e ECHO e e = .
I ] S S S % T e Ty N
e = 5 10 15
o frequency, GHz
i1 OISy, DRSS .. STSTURY SRSUSRO £ 4 _ : ;
— a —linear taper :
N ¥ ||——exponential taper
. , , |
0.4 i : ; ﬂ
0 5 10 15 20 & 0
- 0 5 10 15
max "~ ' min frequency, GHz

Z, [k€Q/m] and reduction due to exponential taper agree well with theory

Impedance reduction extends through inductive regime (k~1/r;,) & beyond
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Collimator Wakes

Geometry for Rectangular Taper
Calculations

| L

= e !

"'--,_______ _____,..v-"'"
'--.--.-_-_ _--’-’._-'_
— E—
2 hmax R i__%{"'_mm
---_-*#___ _-‘_-*_-_-*_
..-l-'"f-_ _-‘--‘"“1-._
St e

- —
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Collimator Wakes

Impedance Reduction for
Rectangular X-Section Tap

/1 Z

max min hmaxjhmin

Z ,[k€¥m] and reduction due to exponential taper agree well with theory
L ,[kQ/m] is less than theory; Z, gets reduced due to optimal taper less than predicted

Results are very similar to elliptical structure
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Collimator Wakes

e inductive
________________________ > e intermediate

ot e
b - diffractive
b,

Figure 1: Top half of a symmetric collimator.

round rectangular
p=abot<<l Inductive ~ A<<L p,=atfo b, '<<1

_ 2 (1 1)Zgc Jmh([ 1 1)zg¢
kmﬁra[bz bJM @ Ky = [bz bl}4ﬂ()

Intermediate A4~1 @27

ko =27A0 "0, Na Zg@ny ' (3
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Collimator Wakes

Diffractive Regime |45 ~ (.5 kf”’g

Ap(x)=Z,Q0(X—X;) X eQ,

0,(F)=0 X eoQ, j] 2
long short
e 1 2 2 " 1 )
z¢ = Volds— | Vo, ds | (5) Z¢ = J‘ Volds | (6)
2 2
\ /
c .
kg = ——Z°(0) (7
1= e (0) (7)
k| =cA” (Z"(A)—Z"(O)) (8)
/ \
long short
Zael 1 1 Zoel 1 b.*
k== - 11 ky =22 -2 (2
"z {bzz blzJ . | b4z (bzz b )
v

ky=0.57""0""¢cz,log(bb,”") (10)
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Collimator Wakes

Tablel: Loss and kick factors as

‘ V/oC/ k. [V/pC/mm] estimated by 2D electrostatic
DFVP mml | 0 P | | calculation. The bunch lengthc = 0.3
long — .~ mm. Short" means using Eq. 6,

4.5 é o long O\‘/\J_ “long" Eq. 5

4 in+out I ’

25| UBOB.Smm | | Type | Kk, [V/IpC] k, [V/pC/mm]

x ~>mm = short| long | short | long

3! 0.1mm

, 7 round| 78 | 78 | 2.50 | 5.01

29— short | rect. | 56 | 72 | 2.43 | 6.11

0.01 0.1 1 10 0.01 0.1 1 10 \
dlcm] dlcm] square 74 78 1.99 | 4.25

Figure 2:Kick factor vs. collimator length. A round collimator
(left), a square or rectangular collimator @ = 0.3 mm, right).

The good agreement we have found between direct texdomain calculation [1]
and the approximations (5, 6), suggests that thettar method can be used to
approximate short-bunch wakes for a large class &D collimators.
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Collimator Wakes

I4: flat iris in flat beam pipe; longitudinal view

7../2log2)

[ R | PEE—— —f

® =_z 2b 0753_ (Z_L)round ~ N _E

L g ™ ]

* L 0.5 ——a Zra N

C ___L'"“MH_ ® ]

0.25 Lig W WY

Lysa =Zym TNy a TV, B ]
C v v v v b v v b e v by vy g/b

02 04 06 08 1

The final solution is

1'T-r]!2
Z) 4 =——=csci(ma)27(1 — a) + sin(27a)]
2wg”
7y, =22 eselma)[l + m(l — @) cot(ma)] (30)
wg-
1']'1‘112

2

Z, = csc(ma 2)[7(1 — a) + sin(ma)]
2wg

where @ = g/b. These curves are plotted in Fig. 9. The round case, with g and b, representing,
respectively, the radius of the iris and of the beam pipe, (Z )ouma = 2(1/g%> — g2 /b*)/w [8]. is
also shown (the dashes). We note that Z; is always close to and larger for the flat than for the
round case.

Igor Zagorodnov | Collaboration Meeting at PAL| 2-6. August 2013 | Seite 41



Collimator Wakes

2/2mo2

T1: flat step-out transition  longitudinal view Zlf(Tl:ll{ng .). e
to flat beam pipe; 1 B
B [ 7| 1
T T ;_‘__T‘%i"du\
2b ° 2g . = 2b Yo - ;
> : o _
| 1 1 025 © " Zigte ]
D — —— z TN

T A T Ll T g/b
0.2 0.4 0.6 0.8 1

FIG. 13. (Color) For a step-out transition from a flat pipe of aperture 2g into a flat pipe of aperture 2b,
the transverse impedances Z,. Z, 4. Z, , as functions of @ = g/b. Plotting symbols give ECHO
numerical results for comparison.

e I_L)

Zi=— [ _
=il 7 R

(42)

withZ, ;, = %E 1.4+ We see thus that the transverse impedance of a flat step-out transition (or of
a long, flat collimator) is a factor #*/8 times the transverse impedance of a long. round
collimator, if we take the half-heights in the former case to be equal to the radii in the latter [6].
In Fig. 13 we plot the theoretical dependence and compare with ECHO numerical results (the
plotting symbols). We see that the agreement is very good.
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High-Frequency Impedances

TRANSVERSE IMPEDANCE OF LASER MIRROR OF RF GUN

%)
a=tan | —
a
B = cot'l(%] — tan’ (gj
e

B=a’+d?’

(R2 2a )a+ad 1+ Inﬁ A=4re, wa’R'd*?
a“+d

1

ARIOE
Y 26, 1° waR?

Z(d)(w):A_l[aR4d—4a3d +R4 2a—az(zcl H+R B+R 6(Q—4d(a+ﬁ))ﬂ
2 ()=~ [ad(RA'(dz a )+(a +d )(R +6d 2)acg)+|3( 2(R g4 jﬁ ( R4® 7d 27)}

g=0.5mm g=2mm
k,(0,0), kS, k,@, k, (0,0, k9, k,®@,
VIpC  VIpC/  VIpC/ VIpC  VIpC/  VIpC/
m m _ m m
Analytical 0.124 131 121 Analytical 0.12 13 12
Numerical 0.120 . ) Numerical 0.08 24 75

13.1 11.6
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High-Frequency Impedances
TRANSVERSE IMPEDANCE OF OTR SCREENS

d,

<+—>

777

2" @)=~ nzgota - [F(an-Fna)

F(xy)=(R?-2x?) y[cot'l[ J+ taﬁl(%)J+ay(\/RTX2+d i{d 2+y 2))

X
/Rz_xz

Ey_goyz 1+SZ ﬁ _1282 ﬁ
Eoy \/ 3¢, 6e,,




High-Frequency Impedances

LONGITUDINAL IMPEDANCE OF ELLIPTICAL TO ROUND
TRANSITIONS IN UNDULATOR SECTION

-

g, =0.4cm w, =0.45cm

- absorber
" round pipe S Lg w
W, =0.75¢cm e ' "
0o =0.44cmr
clliptical pipe ‘
250

150\ ki
200 -1
100 150F

100

50
50

0

Dependence of the loss factor from the radius of the round pipe. The left graph presents the
results without the absorber, the right graph presents the results with the absorber included.

The black dots show the numerical results from CST Particle Studio.
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High-Frequency Impedances

LONGITUDINAL IMPEDANCE OF ROUND TO
RECTANGULAR TRANSITIONS IN BUNCH COMPRESSORS

/“\ 7R =90
( 9 \ . ( S _z-—_—:_\‘_‘_"f?o) 7 (S2R) _

R/ W] I
w
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High-Frequency Impedances

LONGITUDINAL AND TRANSVERSE IMPEDACES OF
ROUND MISALIGNED PIPES

R2Rs Rs2R
y
x|
/ J2o
y4
150 ~ e - 200 :

y | | l g l | | |
N 150 -
‘ 100 -~~~ -~~~ Total- £~~~ O Total
™ A o
! ! s Rs2 I I I I -
A‘ 50”7”1‘7”7#””.@'1‘”7873 777777 ; ‘ ; P
%o ‘ S e -
g ' R2Rs: .o Rs2R=R2RS
RSt e s e S - M B N

0 0.1 0.2 0.3 0.4 0.5 0 0.2 0.4 0.6 0.8 1

M. Dohlus, I. Zagorodnov, O. Zagorodnova,
High Frequency Impedances in European XFEL, DESY 10-063, 2010
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Longitudinal Impedance Budget

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

22.

z2>2z:

semi-infinite beam pipe ! 2> By

semi-infinite beam pipe

source particle g;: r,()=xu, +yu, +ct— ju,

test particle ¢ n(H=xu, +yu, +{clt—1,)-sh,

=5

1
wake function: W(x,,»,.x,3,,5)=— [(E+vXB)dz —>Ap=q,qW

—

5

impedance: Zn(xs:ys)xz: Y 60) =c_l .II(W‘li (xs s Vs Xes Voo S)GX]Z{—jSCz)/c))ds

—c

Z\(%, 0%, 31, @) == [, (%,, 3., 3, s)expl— j seo/c)ids

.9
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Longitudinal Impedance Budget

wake potential

2>8. !
semi-infinite beam pipe |

i« 2 2y
semi-infinite beam pipe

source particle — source distribution

S

Wh(s) = - j wi(s—s)A(s)ds

—00
\ wake (Green) function
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Longitudinal Impedance Budget

S

Wh(s) = - j wi(s—s)A(s)ds

wake (Green) function

wake potential

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?
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Longitudinal Impedance Budget

S

Wh(s) = - j wi(s—s)A(s)ds

—00 ‘\
wake (Green) function

wake potential

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, |. Zagorodnov, The Short-Range Transverse Wake Function for
TESLA Accelerating Structure, DESY-TESLA-03-23
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Longitudinal Impedance Budget

1 There are hundreds of wakefield sources in XFEL beam line.
1 The bunch shape changes along the beam line.
1 Hence, a database with wake functions for all element is required.

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

1 How to keep information about such functions?

1 We need a model.
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Longitudinal Impedance Budget

Wake function model

w(s) = w9 (s) + % + Red(s) - c%[ Lcd(s) + W(_l)(s)}

N y
v — N —

regular part singular part
(cannot be tabulated directly)

Z() = 2O (@) ——=+ R+iw[L + z<‘1)(w)]

|aC N
capacitive - resistive inductive
W ~ [ A(s)ds W~ A(s) W ~A'(s)
0 (- _
a—\N( X (S) = O(S 1), s - 0. it describes singularities s, o<1
S
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Longitudinal Impedance Budget

w(s) = W (s) + % + Red(s) - c%[ Lcd(s) + W('l)(s)}

Pillbox Cavity

_ 4C 9 _ Z /—
W(S) - = S W( 1) —_— O
2772a * (S) \/_ 277°a

Step-out transition

_ Zy. (b
W(S) = C;In(gj 5(5) ‘ R:Z—;m (gj
W(S) = cRA(S)

Tapered collimator

wW(s) = c( 0 jr’drj 3(s)

L :ijr’dr
wW(s) = —chgd(s) "1 471
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Longitudinal Impedance Budget

Wake potential for arbitrary bunch shape

W(s) = - f W (s=g)A(s)ds —é_JS;OA(s')dS’ ~RcA(s) -

—00

S
~c?L)'(s)-c¢ J' W (s=¢)1'(s)ds

N

derivative of the bunch shape
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Longitudinal Impedance Budget

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.

A e r-e——m
1

Wake Field Calculations for the XFEL Project Fig. 6. The European XFEL undulator intersection design. 1 —elliptical pipe, Z—pump,
3—absorber, 4,6—bellows, 53—BPM, 7—round pipe.
| Search:

Type of element: “\_/_ R {Omm): L{H: C.inv(1/F): Link to w0 Link to w1
ABS  |AbsorberRound fransition W | 204E+01 | D.00E+00 | 0.00E+00 AbsRes??mm.dat 0
BBEL  |Bellow | 7B0E-01 | DOOE+00 | O.00E+00 BellowRes30mm.dat BellowDiff1.dat
BFtd  [BPM W | O00E+00 | DOOE+00 | O.00E+00 BPMRes100mm dat BPMdiff1 dat
PIPE  [Ellintical pipe | D00E+00 | D.OOE+00 | 0.00E+00 EIPipe5161mm.dat 0
FIFR  |Found pipe ¥ | 000E+00 | OOOE+00 | 0.00E<00 | RoundPipebb2mm.dat 0
PUM  [Purnp W | 113E+00 | 1BEE-13 | DO0E+00 | PumpResl05mm.dat 0
RET  [Round/Elliptical transition | 10BE+01 | DOOE+00 | 0.00E+00 0 0
¥ W | 000E+00 | DOOE+00 | 0.00E+00
Wake l Long List l il l
Recard: M| || AILICIER: N
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Longitudinal Impedance Budget
Undulator wake Q=1nC

W [kV/m]

200
150} -

100

50

-100

-150

,,,,,,

' Total wake

.
ey

wake

~200 20 40 60 S[um]
Lass, spread, peak parameters
Section Type of element Humber Loss {(Vi/pC) % |Spread (VipCim)| % Peak (VipC/m) *%
| TN ABS 32 2.389E+03| 14 B.717EHDZ| 7 3.A51EH03| 12
SAl BEL o4 1.342E+03) B8 A4 ATOEHDZ| 3 1.803E+03| ©
SAl BPME 33 1.780E+03| 11 T.2A3EHD2| O 2.098E+03| 9
sAl1 PIPE 23 8. 730EH)3| 53 1.020E+04) B0 1.844E+04| B2
sA1 PIER 32 TB12EH)2) 5 L157EH03| 9 2.069E+03| 7
SA1 PUM 32 3.025E+H02) 2 2.383E+02) 2 2AT7BEHDZ| 2
SAl RET 32 1.228E+03| 7 A422EH2| 3 1.766E+03| ©
SAl1 1.655E+04| 100 1.283E+04( 100 2.951E+04| 100
1.655E+04| 100 1.283E+0d4) 100 2.951E+04) 100
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Longitudinal Impedance Budget

Undulator wake Q=1nC

v L 2000
Wi |:_i| Bunch shape J;"’ “‘ v b
- :. ‘, - +- - 1 -'

)
\"
-
4
S
-

0 | -
Numerical
by hybrid scheme

—-100 10

- | I

=00 E
Analytical

Analytical

=300 —3000
~4 -2 0 2 4s/c -4 -2 0 2 4

Figure 43. Longitudinal monopole and transverse dipole wake potentials for undulator
intersection of European XFEL project calculated by new hybrid numerical scheme (blue solid)
and analytically (geom.+resistive) (orange dashed).

TIME DOMAIN NUMERICAL CALCULATIONS OF THE
SHORT ELECTRON BUNCH WAKEFIELDS IN
RESISTIVE STRUCTURES

Andranik Tsakanian
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Longitudinal Impedance Budget

Accelerator wakes. Q=1nC

Impedance Budget (list of elements)

Eltype Num. Loss (kV/nC) % Spread (kV/nC) % Peak (kV/nC) %

BPMF 4 4075E+01 0  1.858E+01 0  5.804E+01 0

coL 7 6725E+03 19  3373E+03 22 1.058E+04 21 B Y

KICK 3 36456403 10 1450E+03 9  5283E+03 10 warm- pipe collimators
PIP20 1 5116E+03 14  3661E+03 24  BOSYE+03 18 14% 2%

PUMCL 78 5605E+02 2 2.363E+02 2 7.946E+02 2

CAV 808 1481E+04 42  B8B42E+03 57  2.B814E+04 56

CAV3 8 8084E+01 0  3.010E+01 0 11M7E+02 0

FLANG 500 1.330E+03 4 5.610E+02 4 1.886E+03 4

TDS 8 1.507E+03 4 7.348E+02 5 21T4E+03 4 1%

OTRB 8 1.584E+02 0 7.251E+01 0 2.254E+02 0 1%

STEP1 1 3.010E+00 0 5.969E-01 0 3.441E+00 0 1% CaVItIeS 42%

EPMA 107 5.654E+02 2 2.896E+02 2 8.670E+02 2 2%

OTRA 12 3.078E+02 1 1274E+02 1 4 494E+02 1

BPMC 56 4431E+01 0 2.138E+01 0 6.805E+01 0 . COL D CAV D TDS
OBPMA B OTRA OBPMR

BEPMR 26 2.993E+02 1 1.304E+02 1 4 501E+02 1 . TORAO D KICK . PIPZO

Dcm 4 1.644E+01 0 7.479E+00 0 2.315E+01 0 . PUMCL - FLANG

EPMB 27 5.744E-02 ] 1.58TE-01 0 6.023E-01 0

BAM 5 3.319E+00 0 1.494E+00 0 4 768E+00 0

TORA 3 3.14TE+01 0 1.609E+01 0 4.763E+01 0

TORAO 6 1.856E+02 1 7.684E+01 0 2.700E+02 1

3530E+04 100 1540E+04 100 5.037E+04 100
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Longitudinal Impedance Budget
Accelerator wakes. Q=250 pC

Eltype Num. Loss (EV/nC) % Spread (KV/nC) % Peak (kV/nC) %

BPMF 4 61S0E+01 0  2.891E:01 0  8933E:01 O
coL 7 2283E+04 32 1.022E:04 31  3452E+04 35
KICK 3 7893E+03 11  3100E+03 9  1052E:04 11 B by o 4% )
warm” pipe 2% 4% collimators
PIP20 1 1652E+04 23 B512E+03 26  2730E+04 27
PUMCL 78 1.103E+03 2 4.743E+02 1 1574E+03 2
CAV 808  1574E+04 22  0440E+03 29  2987E+04 30
cAv: & 9.280E+01 O  3.590E+01 0 1316E:02 O
FLANG 500  2619E+03 4  1.126E:03 3  3.736E+03 4
11% :
TDS B 2.506E+03 4 1.229E+03 4 3BTTE+03 4 1% 4% 2204
OTRB 8 2428E+02 0  1137E+02 0  3510E+02 O cavities
STEP1 1 3825E+00 D  6.815E-01 0  4293E:00 O
BPMA 107 T.317E+D2 1 4.231E+02 1 1.265E+03 1 OoCoOL OCAV OoTDS
OTRA 12 1698E+02 D  8.118E+01 0  2474E:02 O
OBPMA ®KICK OPIP20
BPMC 56 7912E+01 0 4.531E+01 0 1348E:02 O
(] O
BPMR 26 1523E+02 0D  7.506E+01 0 2241E:02 O PUMCL OFLANG
DCM 4 2533E+01 D 1.160E+01 0 3B12E:01 O
BPMB 27 1247ED1 0  1.976E-01 0  T7440E-01 O
BAM 5 4474E+00 0  2.1B0E+00 0  6820E:00 O
TORA 3 4881E+01 0  2.515E+01 0  7275E:01 O
TORAD 6 1107E+02 D  5.175E+01 0 1598E:02 O

7 063E+D4 100 3.285E+0D4 100 1.000E+05 100
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