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Abstract is feasible to start with the wake fields in a dielectric lined

For TESLA-FEL operation the electron beam is extracte\c'yavegu'de.' The case of th‘? wake field |n3|d_e awave guide
covered with a thin dielectric layer was studied in e.g. ([2,

from the regular accelerating structure at the desired el
ergy level and then transferred by a long transfer line to the])'
experimental hall [1]. It is required that longitudinal and
transverse emittance be kept small. Wake fields, excitédl Monopole Case
from various devices e.g. pumping holes, quadrupole
pers, beam position monitors, can cause emittance gro
In addition the wake fields of the short bunches due to t
surface roughness in this very long line can give a large %
contribution. k3 = T (1)

In this paper the transverse wake fields in a vacuum (e =1)a
chamber with small protrusions on the surface are calcu- wheree is the relative permittivityg the tube radius and
lated for short bunches and an analytical expression f@rthe thickness of the dielectric layer. The longitudinal
very short bunches is presented. The effect of these wal@ake function is
fields on the beam emittance growth in the TESLA-FEL
transfer line is discussed.

\:/TH the monopole casgn = 0) the wave number of a wave
h%Uide covered with a thin dielectric layer is given by

WY (5) = 2% cos(kos) )

1 INTRODUCTION using the impedance of free spaZg = +/uo/eo0. ¢

The use of very short, intense bunches is essential for tHgnotes the speed of light.
Linear Collider projects. For the FEL-operation provided
at TESLA bunchlengthes. of less thar25.m are aimed 2.2 Dipole Case
for. Since only one large experimental area is planned at
the interaction point, the beam has to be extracted frof the dipole case the wave number is the same,
the main accelerator, when it has reached the desired en-
ergy level. Then it is guided through an up to 12 km long k2 = _ 2 (3)
transfer line to the undulators. Naturally it is required that (e —1)ad
longitudinal and transverse emittance be kept small. Wake 4 i the monopole case. The longitudinal wake function
fields, excited from various devices like pumping holesis given by:
guadrupole tapers, beam position monitors, can cause emit-
tance growth. ! o\ /T1\ Zoc

In addition the fields of short bunches due to the sur- Wi(s) =2 (;) (;) — 5 cos(kis) 4)
face roughness wake field effect in vacuum chamber can
give some contribution. Extruded tubes, commonly used Wherero andr, are the offset of the driving charge and
for such purpose, have an rms roughness depth of aroufit witness respectively. Note that fay = r, = a the
350 nm. Therefore it is worth to know, whether the wakémplitude of the longitudinal dipole wake is twice as large
fields excited by 25.m bunch can lead to a large energy@S in the monopole case. Finally the transverse dipole wake
spread and transverse instability. function reads:

2 ANALYTICAL APPROACH wit(s) =2 (%) 20 Gin(as). )

a/ wadk,
Since it_(ijs e*&eCted’ tI:]at tfhe mt;)nhopolt_e v;/r?ke fields of a For the verification of the applicability of this model to
wavegulide with a rough surface behave In the same Way_&ﬁ)ole wakes in rough surface tubes, different numerical
those inside a waveguide with a dielectric layer ([2, 6]), iSimulations using the program package MAFIA [5] are per-

* Work supported in part by DESY, Hamburg, Germany formed. The results are compared to the predictions de-
T On leave of absence from BINP, Novosibirsk rived above.
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Figure 2: The longitudinal monopole and dipole wake field
r OREIE | e Amm of the periodic rectangular structure (Fig. 1.I_). The bunch
v Roughness Depth3 = 100um length iso, = 250 pum. The monopole wake is scaled by
o a factor of 2.

2

Figure 1: The surface roughness of the tube is modelled in

3 different manners. 1.) periodically rectangular,ll.) periodUSing eq. 1 this leads to an effective equivalent relative

ically triangular, 111.) stochastically with rectangular Shapepermittivitye = 1.9 of a dielectric layer with the thickness
The Depth of the roughnesslig0um, the period (I., Il.) or 5 _ 100pm

average period (lIIl.) respectively 200um
3.2 Periodic Triangular

3 NUMERICAL RESULTS The same observations as in 3.1 concerning the amplitude

The sh f the sindl rusi h ¢ of the wake field can be made for the periodic triangular
€ shape ot the singie protrusions has, of COUrse, a Maigf, ., q (Fig. 3) too, but it takes a longer time to reach a

effect on the strength gnd the shape of th.e wake f!e!d. (3] onstant amplitude. Since the wavelength is shoster (
Th(_ey have to be considered by an effective permittivity 1.022mm) the equivalent dielectric layer has the relative
which is expected to be around 2. Ll

L . . i permittivity e = 1.36.

A cylindrical symmetric structure is assumed, with the

beam pipe radiua = 2mm and a roughness depih= .
100pum. Although the simulated roughness is much Iarge"r%'3 Stochastic Rectangular
than in reality, the derived results allow an extrapolation toThe longitudinal wake field generated in the stochastic
a real transfer line. Three kinds of corrugations are studtructure rings at the same frequency as in the periodic
ied: a periodic rectangular one (Fig. 1.I), a periodic tristructure (Fig. 4). Thus the equivalent permittivity is the
angular one (Fig. 1.11), each of them with a periodicity ofsame as in 3.1. The factor 2 between the amplitude of the
the roughness gi = 200pm, and finally a stochastically monopole and the dipole wake holds here too.
distributed rectangular shaped roughness with an average
periodicity of p = 200pm (Fig. 1.ll1), to show, that the
given formulae are not restricted to the case of a perfect —— Bunch (250um)
periodic surface structure only. In every simulation 3000 %% L il Do e o)
periods are used. The bunch length used for the calcula- +°¢0%

tions iso. = 250um. For all calculations the offset of the =~ 30e+03; s’ ‘ //\ /\ /\ /\ ]
Mo ’
\ FV L) 1

—

driving and the witness chargerg = r; = a. The longi- = 2.0e+03
tudinal monopole and dipole wake fields are calculatedzaas 1.0e+03|
well as the transverse dipole wake field. S 00e00 i ——————
ng ~1.0e+03} \ ||| [ T Y 1
PR -2.0e+03} \ Vo ]
3.1 Periodic Rectangular 200108 V \/ \J
—3.0e+03 B
First of all the periodic rectangular structure is studied -4.oe+o03} ]
(Fig. 2). The wake field of both, the monopole and the _sge:0s ‘ ‘ ‘
dipole field approaches a periodic function with constant 0.000 0.002 sl 0008 0008

amplitude and the same frequency. The longer the sim&igure 3: The longitudinal monopole and dipole wake field
lated tube is, the more exact a periodic function is matchedf the periodic triangular structure (Fig. 1.11). The bunch
The amplitude of the dipole wakey(= a) is twice as large lengthiso, = 250 um. The monopole wake is scaled by
as that of the monopole wake. The wavelength is 1.37mra.factor of 2.
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Figure 4: The longitudinal monopole and dipole wake To apply this results to the TESLA structure, an initial
field of the stochastic rectangular structure (Fig. 1.11). Thenergy of the bunch at the entrance of the transfer line of
bunch length isy. = 250 um. The monopole wake is 10 GeV is assumed. The bunch lengtlris= 25um and
scaled by a factor of 2. it is carrying a charge of 1nC. The tube radius is 1 cm and
the roughness depth is 350 nm. According to the model,
3.4 Transverse Dipole Wake Fields the instability length isins = 258m

4.2 Validity in 3D Structures

—— Bunch 25@m
5o —— Periodic rectangular The model used above is that of a disk-loaded structure.
-0e+05 Periodic triangular . .
a0es05|. — Random rectangular Due to the cylindrical symmetry of the surface roughness
' the fields can propagate freely into the grooves. Since in
3.0e+051 . iy . . .
reality the cavities are bounded at all sides, the fields will
£ 2001051 not propagate inside, but decay exponentially. In order to
g e apply the presented formulae to the 3D case, one can intro-
s o0 duce the effective roughness depth, which is related to
& TLoer0s the aperture of the cavities of the surface roughig$s:
= _20e+05]
_3.00405| )
3.0e+05 5, = A (8)
—4.0e+05 h m
-5.0e405 5502 So0a 5006 0.008 Assuming that roughness depth and aperture are of the
s/[m] same order in average, the effective depth in 3D-structures

Figure 5: The transverse dlpole wake field of the three exg three times less.
amined structures. The bunch lengtlaris = 250 pm.
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