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For a proper design of linear colliders it is important to
know the transverse long range wake which can either be
computed directly in TD or alternatively from the corre-
sponding higher order resonant modes. In this contribu-
tion, the resonant modes of the first, third and sixth dipole
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passband of th&80-cell accelerating structure used for the o5 = 3rd passb.
S-band linear collider at DESY have been analyzed using "k S }L Athp;‘h'm
an accurate and numerically efficient generalized scattering 0
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matrix (GSM) method. Furthermore, the MAFIA program
package has been applied to calculate the wake function in , o
time domain (TD). The agreement of both methods tum@gure. 1 Nor.mahzed longitudinal loss parameters corre-
out to be excellent. From the results one can predict thgpondmg to dipole modes of t3é-cell structure.

the sixth dipole passband significantly contributes to the

ransverse wakefield. [8] using the GSM method and a discrete network model,

respectively. However, in [7] only the first dipole passband
1 INTRODUCTION has been considered. Furthermore, instead of the original

At several high energy physics laboratories around thgiructure a simplified modgl_hag beep assumed which con-

world strong efforts are currently made to desigrean~  SIStS 0f30 packages containingidentical cells gach. The _

linear collider with an initial center of mass energy of aboufilumerical results have demonstrated that this assumption

500GeV [1]. In most of the designs trains of bunched€ads to a Wlde' scattering of the !oss parameters which is

are accelerated by long tapered multi-cell structures whidkPWever an artifact of the calculation model.

are similar to disc-loaded circular waveguides. In order to In this contribution, the GSM method is applied to de-

avoid deflections of the beam which decrease the efficiené&grmine the loss parameters corresponding to the resonant

of the collider or even may lead to cumulative beam instahodes of the first, third and sixth dipole passband of the S-

bilities, one has to control the wakefield excited by previougand linear collider structure. As a reference method the

bunches in the train. Higher order modes corresponding d4AFIA program package which is based on a grid dis-

the first and sixth dipole passband are mainly responsibféetization of Maxwell's equations is used to compute the

for this phenomenon. wake function as it develops in time. The contributions of
For a closed cavity the wake function can be computete individual resonant modes to the wakefield are then ob-

from its resonant modes [2]. The contribution of each modined by means of Fourier transform.

to the wakefield is characterized by the so-called loss pa-

rameter. In reality accelerator cavities are not closed be- 2 | 0SS PARAMETER COMPUTATION OF

cause the beam pipe is open. Nevertheless, the computa- DIPOLE MODES

tion of the wake function presented in [2] can also be used

to approximate the spectral components of the wake belonor a qualitative estimate of the loss parameters covering

the cutoff frequency of the beam pipe. Therefore the beafeveral higher order dipole passbands we have analyzed a

pipe has to be modeled sufficiently long so that the cavitg0-cell structure which consists of every sixth cell of the

modes do not depend on the position of the short. original structure. The results presented in Fig. 1 underline
The GSM method has been proved accurate and numé#he importance of the sixth dipole passband which contains

ically efficient for the investigation of a large variety of the modes with the highest loss parameters. Furthermore

waveguide and cavity problems [3], [4]. In the field of lin- Fig. 1 shows that besides the first, third and sixth passband

ear accelerators, this method has also successfully been #jg resonant modes corresponding to other passbands can

plied. E.g., the beam loading in a tapered X-band accelerdie neglected.

ing structure driven by monopole modes has been analyzedin Fig. 2 the loss parameters of th&)-cell structure cor-

using the GSM method [5]. responding to the first passband are presented. This pass-
Dipole modes corresponding to the first passband of kand contains more thd®0 modes with considerably high

180-cell structure which has been designed for the S-barldss parameters.

linear collider at DESY [6] have been studied in [7] and It is worth noting that in the frequency range from about
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Figure 2: Normalized longitudinal loss parameters corre~igure 4: Fourier transform of the transverse wake function
sponding to the first dipole passband of ft&®-cell struc- calculated in TD.

ture.
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e Figure 5: Detailed representation of the Fourier transform

Figure 3: Normalized longitudinal loss parameters correshown in Fig. 4 in the frequency range corresponding to the
sponding to the sixth dipole passband of t86-cell struc- first dipole passband.

ture.

modes in the frequency range frofre GHz t0 10.2 GHz

and those which correspond to the first dipole passband,

respectively, as a result from the MAFIA calculations. In
h Figs., the frequency resolution of the Fourier trans-

form is 6 MHz so that individual modes cannot be recog-

Fized. Neverthel he MAFIA resul ree very well
tion of the first few cells with the beam pipe. Note that thi ed evertheless the esults agree very we

. . T th those of Figs. 1 and 2 which have been computed us-
mode is also observed in the loss parameter distribution Q S
. ng the GSM method. Nevertheless one has to keep in mind
the 30-cell structure, see Fig. 1.

, o o that the results which are shown in Fig. 1 correspond to a
Fig. 3 shows the results of a detailed investigation of th§0-cel| structure

sixth dipole passband of the original structure in the imme-

diate vicinity of the mode with the highest loss p""r""me'[ebarticuIar passband can be obtained directly from the mode

An extensive study of convergence has been carried OUté%mputation or by the peak value of the envelope of the

orderdto de?onitralte the accuracy of the rg]letf;od. It T] ftered normalized longitudinal wake function. The sums
turned out t. atthe loss paramet_ers are stable If more t éBrrespondingto the first, third and sixth passband obtained
100 waveguide modes are used in the GSM method.

] by the GSM method, MAFIA calculations and a discrete
The level of the loss parameters corresponding to thgsyork model [8] are compared in Table 1. From this ta-

first dipole passbandy(4 - 10'> V/(C m?)), which is also e it can be concluded that the three methods are in good
given in Fig. 3, is abouR0 times less than the peak 54reement.

loss parameter observed in the sixth dipole passban

~ 16 2

(8- 107 V/(C m)). . o 3 COMPUTATION OF THE TRANSVERSE LONG
The loss parameters belonging to the third dipole pass- RANGE WAKE FUNCTION

band, which have also been calculated, are in the same or-

der of magnitude as those corresponding to the first dipoligs. 6, 7 and 8 present the long range wake func-

passband. However, the contribution of the third dipoléions corresponding to the first, third and the sixth

passband to the wake function is very small which will belipole passband, respectively. These curves can ei-

shown below. ther be obtained by superimposing the correspond-
Figs. 4 and 5 present the loss parameter of the dipoleg resonant modes (GSM method) or by applying

4.15GHz to 4.44 GHz all modes (despite of one single
mode) have nearly the same loss parameter. The odd m
at f = 4.3785GHz is not an intrinsic mode of the tapered
periodic structure. It is rather characterized by the intera

The sum of all loss parameteys k,, corresponding to a
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Figure 6: Transverse long range wake corresponding to tirégure 7: Transverse long range wake corresponding to the
first dipole passband of the 180-cell structure. third dipole passband of the 180-cell structure.

03

Table 1: Sums of the loss parameters corresponding to the
individual passbands. 02

01

>k, in 1017 V/(Cm?)
band1l| band 3| band6
GSM 5.85 2.41 2.09 01
MAFIA | 5.84 2.30 1.98
[8] 5.69 — —
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bandpass filters with appropriate passbands to the wake sinm

functions (MAFIA). , ) Figure 8: Transverse long range wake corresponding to the
From the results it can be concluded that wakefield COGixth dipole passband of the 180-cell structure.

responding to the third dipole passband is negligible. The

recoherence lengths of the first and sixth dipole passband

are 120 m and 100 m, respectively. These values are con- 5 REFERENCES
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