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bunch shape

G =20.406 um
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2d geometry: round pipe

beam impedance and surface impedance

H = /iexp za)t z/c))\ ngexp(ia)(t—z/c»\

E =12, iexp(ia)(t—z/c)) +Z0A%exp(ia)(t—z/c))

= — 4 expliol\t —z/c
£=lo ) gl =2le)

beam boundary




beam impedance and surface impedance

metallic conductor (x): Z!“ = JoH , VARRS JOH x(w)
x(w)+ joe x(w)

(plane wave approximation)




asymptotic limit

Z (a)) 1
Z, o)==
H@)==— l{inzs(w)}
c 2 Z, 1/3 c
=1 —>a)ch:ch0_Zz(> s, =25
2R a)ch
low frequency w<<aw,
Z(@) 1 i e
, 0] lou
Z \w)=— X ~
b( ) 2R 27R\ K, 1/&
~1/R
high frequency o>>a,
1 capacitive impedance
Z)(w)— — material independent
TR°¢, i® ~ 1/R2
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copper, R =3mm

K, :58.106Q_1m r=246-10"%s [, =1.02-10" Hz
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2d geometry: arbitrary cross-section

more:
K. Yokoya: Resistive Wall impedance of
beam pipes of general cross section

Part. Acc., 1993, Vol. 41, pp 221-248

E =E(x, y)exp(io(t—z/c))
p=plx,y)explialt - z/c))
J=pce,

2d differential equation:
vaL = lvtp
g
E :E(VEL _B]
) &

boundary condition (surface impedance)
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2d geometry: flat beam pipe

copper
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surface: oxide layer

surface impedance of thin dielectric layer (&.) on perfect conductor:

g, —1

Z¥ % joL with L=Au .

L—>Auy for ¢ >>1

surface impedance of thin dielectric layer (&.) on metallic conductor (k):

_ 7(®) | 7()
L =1""+Z,



copper

R=3mm & oxide layer (¢ =2)
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surface: roughness

(very incomplete list of models)

Novokhatski, Timm, Weiland

— synchronous mode

, Z (o) 1
Zb(a))_ 7R | QE ZS(CO)
c?2 Z,
with Z (@)=iol
-1
L IUOAeﬁ" g’”

synchronous mode:

. WRZ \ow
142 RZ(0)
c2 Z,
, iwL e —1 5

Stupakov | Z, (a)) =—— L from ACF of surface roughness L= yA,,  —— Ay =107A

27Z'R £, 4 rms
Stupakov Il sinusoidal surface R(z) =R, + Acos(27z z//l) with A << A/21 — no synchronous mode
Dohlus sinusoidal surface, with A < A/2x, includes transition sync. mode — no synchronous mode

sinusoidal & resistive surface

rough surface behaves as dielectric layer
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April 2001, TESLA 2001-26

Impedance of Beam Pipes with s T /f\\\ o //f\\
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Fig. 28: Wake potential calculated by the LB-N.2* method for three extrapolations of  Fig. 29: Wake potential calculated by the LB-N.,2" method for three extrapolations of
the ACF (thin lines). resistive wall wake (thick line) of a perfect pipe. Configuration: ~ the ACF (thin lines). resistive wall wake (thick line) of a perfect pipe. Configuration:

aluminum pipe, R, = 3mm, random surface, gaussian bunch with & = 25 g aluminum pipe, B, = 5mm, random surface, gaussian bunch with & =25 ym.
R, =3mm min(fF*) | max(imF") (H"’ :} ms(i*) R, =5mm min(*) | max(W) <W"} ms(F7)
gaussian bunch V/pCm V/pCm VipCm V/pCm gaussian bunch V/pCm V/pCm VipCm V/pCm
resistive (cu) -111 54.1 -44.9 56.7 resistive (cu) -70.3 38.0 -29.0 36.5
resistivetrough -129 69.6 -479 68.7 resistive+rough | -82.0 526 | -31.7 | 451 ‘
cuslayer (eps r=2) euslayer (eps _r::ﬂ
st A=12% 107 o A=12x 10
- 200 0 200 ﬁ 20
win I Ea S
Fig. 23: Swface function &(y,z)=d(v,z) -{qn +q,y+q, 2 q::) after extraction i | .:
of the cwrvature (in azimuthal direction) and slope (in z direction). The gray scale Z Z
ranges from -2 to 2.8 pm. = -50 \ "
10 "\jﬂ'
-4 -2 a 2 4 -4 -2 -] 4
rms value of the roughness & =,/R ,;(0,0) =0.58 um shigaa s g
av ms av rms
cu kew = 4441% 107 msen = 35,597 10 cu kew = 2871 10 rmscu =3.602 % 10
cuslayer (eps r=2) A=12x10 ° k=455 10" rms = 68735 107 cuslayer (eps_r=2) A=12x 10 ° k=-3031x 0" tms = 4551 10°

conclusion: 0.58 um roughness behaves similar as 12 nm ¢ = 2 oxide layer




roughness — "~ 6nm oxide layer, ¢ =2"

R, =38mm
/4 cu+7nm ox
V/nCm
1-10°
al+11nm ox
) ——
-110°
100 =50 0 50 s/um 100

cu: 7nm ox = 1nm (real oxide) + 6nm (roughness)
al: 11nm ox = 5nm (real oxide) + 6nm (roughness)
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surface: anomalous skin effect

K_O K0:58-106L r=2.46-10"s
l+iwt Om

‘ac’ conductivity of copper: x(@)=

Resistive wall wakefield in the LCLS undulator, Bane, Stupakov; SLAC-PUB-11227, May 2005

round pipe, R = 2.5mm, 5-wake

W+(a2/4)

0.5 ac wake

AN

i V@\:ﬂf = i
I ASE wake 1
~0.5F :

‘ac’ conductivity causes a slight overestimation




3d geometry

TESLA-FEL 2005-10 European XFEL
per section (= 5m)
(Gaussian bunch ¢ = 25um)
. (s.x=y=0) 10 ——
Lmm 4mm v/ pC] 0 PUMPpINg slots ~
10k
, o0l flange gap |
undulator pipe 20
230k bellow
¥
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wakes in European XFEL

per section (= 5m)
(Gaussian bunch ¢ = 25um)

Loss, Spread, Peak,
VipC VipC VipC
absorber 42 16 -58
pumping slot (Fig 4) <02 =01 =-0.3
pump (Fig.7) 9 4 -13
bellow 13 3 -18
flange gap 6 24 -85
Total geom. 70 25 -95
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collimator wakes

Igor Zagorodnov
http://www.desy.de/xfel-beam/data/talks/talks/zagorodnov_-_colli_wakes_20060925.pdf

Outline

Round collimator. Regimes

Round collimators

— Inductive regime

— Diffractive regime

— Near wall wakefields
— Resistive wakefields

3D collimators (rectangular, elliptical)

— Diffractive regi me Top half of a symmetric collimator.
— Inductive regime

Simulation of SLAC experiments Inductive

XFEL collimators Diffractive

— Effect of tapering and form optimization p > 1
— Kick dependence on collimator length




wakes (codes)

ECHO 2d,3d no dispersion indirect w-integration conf. mesh
CST-MWS 3d dispersion (indirect w-integration) conf. mesh

ABCI 2d dispersion indirect w-integration staircase

MAFIA 2d/3d  dispersion (indirect w-integration) staircase+

GdfidL 3d dispersion indirect w-integration staircase+ ?

PBCI 3d no dispersion indirect w-integration staircase  parallel
VORPAL 3d dispersion conf. mesh parallel
Tau3P 3d dispersion conf. mesh parallel
more no dispersion

Lo6? >c’ FDTD not sufficient

(L = length of field calculation,
oz = step width of mesh
o = rms bunch length)



summary

: ' 1
bunch shape: if.o>>S,  Z (o)~ L Jlen o
2nR\ K,

R,\/oK,

surface effects: roughness A — dielectric layer A, ~ A /50, ¢ = 2 } <10 %
dielectric layer — inductive surface impedance
conductivity — surface impedance ~./iou/x, ~90 %
effective surface impedance = superposion of surface imp.

round pipe: transformation to beam impedance Z, = 2ZS (1+igﬁzsj

flat pipe: effects are overestimated by round pipe

geometric wakes: small compared to surface effects (for European XFEL)

acknowledgement to Igor Zagorodnov



