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Abstract 

.-\ met hod called "open mode expansion" was exten
sin-Iy dew loped to analyze a periodic disk-loaded struc
t lIll' ,llld a detuned structure by including as many higher 
Jllod('s as needed. In this method. the electromagnetic 
f1('1<I is developed in terms of the open modes in each cell 
of the structure. These open modes are t.reated by taking 
the coupling between any two modes into account. The 
coefficicllts of t he expansion can be calculated from an 
('ig('ll,-alue equation. The calculated dispersion relations 
alld kick factors for a uniformly periodic structure excel
klltl~' ,tgree with those by the field matching technique. 
The 1::?()0 resonant modes and the resultant wake field ill 
it ddulled structure of 150 cells were calculated and the 
results are presPllted. 

Introduction 

III order to achieve a high luminosity, a multi bunch 
operation of 90 bunches with bunch spacing 1.4 nsec is 
dcsigll('d for the Japan Linear CollideI' (JLC)[lj. In this 
opl'l'atiou, the emittance growth by the long-range trans
\"('rs(' wake field is one of the serious problems. In order to 
sUpPlTSS this growth, a detuned structure[2j was proposed 
wherl' thl' wake fields of the cells are canceled within a 
structur(' with 200 cells by spreading the frequencies of 
tIll' lejpYilnt modes in the cells. 

To design a realistic detuned structure for linear col
lidn. the wake field in the structure must be calculated 
precisely because the cancellation should be of the order 
of lOO. 

The wake field in the structure can be estimated in 
tenlls of the resonant modes in it. In such a structure as a 
ddullcd disk-loaded structure for the linear collideI', the 
IOIlf',-lilnge transwrse wake field is mainly composed of 
t he modes in t he lowest two pass bands. In this case, the 
calculation of only these modes is needed. Based on this 
uuders! alHling, an equivalent circuit model was developed 
to aualyze the detuned structure[3j. However, the imp 01'

t,m('(' of the higher modes was also discussed[4j. As an 
approach which takes them into account, two field match
iug codes were deYeloped[5,6j, though there still need a 
Il'\'ision for the realistic analysis of the detuned structure 
wi t h larger number of cells. In order to incorporate those 
higher order modes in more realistic manner, an open 
IIwde expansion of the electromagnetic field in a cell was 
,kH'loped. \\'e call the method "open mode expansion". 
Thi, lllet hod was originally described by BeYensee and 
applied to simple cases[ij. 

A brief description of this method and the result of this 
method for a periodic structure and a detuned structure 
are described in the present paper. 

Open mode expansion 

Infinitely periodic structure 

In the case of infinitely periodic structure, all the elec
tromagnetic field can be calculated by only one-cell field 
with a boundary condition of arbitrary phase advance 
per period !/J according to Floquet's theorem. The elec
tric field E( r) within a cell can be developed in terms of 
the open modes, 

E(r) = .L aj€j (1) 
j=l 

where the a j is the coefficient of the open mode € j and 
11 is the number of open modes to be included in the 
analysis. The boundary condition of this open mode € j 
is defined as magnetic short at both disk holes shown iu 
Fig.1. Following Maxwell's equation and taking some ap
proximations, the eigen value equation can be expressed 
as the following[8j. 

x = Xo + Xc cos(!/J) + iXs sin(!/J) 

(2) 

(3) 

(4) 

Here w is a frequency and X 0, Xc and X 5 are the n x 
11 matrices. By taking some approximations, mat.rix X 
becomes Hermitian even in the case of finite number of 
modes. In the following, all the calculated result.s are 
compared to those by field matching technique, which 
is precise enough for evaluating the frequencies and kick 
factors for uniformly periodic structures. 

f-L--l 
Figure 1: Cell geometry of infinitely periodic structure. 

The dispersion relations calculated by this open mode 
expansion are shown in Fig.2, showing quite good agree
ment with those of the field matching technique. The 
disagreement of the highest dispersion curve is due to the 
process necessary for keeping the matrix X Hermit.iiln. 
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Figurc 2: Dispersion relations. Solid lincs show the results 
of t h(' opcn mode expansion and closed marks show those 
of t bc field matching technique. 

Thc kick factor of a dipole mode kn' which shows the 
st rCllgt h of the transverse wake fidd of the mode 11, can 
he utlculated as 

(5) 

II' here E: (,. = 0) is the z component of the electric field at 
disk radi11s a. w'" and Un are the angular frequency and 
the .stored energy of the mode, respectiwly, and c the 
specd of light. The kick factors calculated for the modes 
in the two lowest pass bands by the open mode expansion 
are compared with those of the field matching technique 
ill Fig.3. As shown in the figure, a larger number of open 
modcs should be included to obtain the kick factors which 
agrecs well with those of the field matching technique. 

From t he above results, the open mode expansion was 
('onfinlled to be applicable to rigorous calculation of the 
freq11C'ncies and the kick factors of the infinitely periodic 
str11ct11re. 

Detu7/.ed structure 

In an aperiodic structure such as a detuned structure, 
t hc electric field E( r) of the resonant modes can also be 
dew loped in terms of the open modes in all of the cells 
constr11cting the structure as the following[8]. 

" 
E(r) = L L Oijeij, (G) 

i=1 j=1 
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Figure 3: Kick factors of the two lowest modes. Lines 
show the results of open mode expansions with various 
lltllubers of modes. The closed circles show those of the 
field matching. 

where (lij is the coefficient of the j'th open Illode eij ill 
the i'th cell, n the number of open modes to be included 
in the analysis and 111 the number of cells constructing 
the structure. The assumed cell geometry is shown in 
Fig.4. In this case, the coefficients of the open modes 
(lij and the frequencies of the resonant modes become 
eigenvectors and eigenvalues of the eigenvalue equation 
of the same form as Eq.2[8]. The X in this eigenvalue 
equation becomes the mn x mn symmetric matrix. 

Figure 4: Cell geometry in aperiodic structure. 

The calculation of the kick factors in a 150-cell cletuncd 
structure, whose disk dimcnsions are shown in Fig.5, was 
carried out. In the present paper, the electric field in a 
cell was expanded by the eight open modes. The 1200 
resonant modes were calculated with about 15 minutes 
CPU time on HITAC M880. The obtained kick factors 
are shown in Fig.G. As shown in the figure, it was found 
that there were eight relatively large peaks corresponding 
to the eight regions estimated from the dispersion curves 
in infinitely periodic structure. The coefficients of the 
open mode expansion in two typical resonant modes arc 
shown in Fig.7. It is evident from this figure that a large 
nllmber of open modes is needed for the calculation of the 
higher modes. 

From the obtained kick factors, the wake function was 
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calclliated using the equation, 

mn 

TV(t) = 2: 2I~.j sin(wjt) . (7) 
j=1 

The wake function of the de tuned structure thus obtained 
is shown in Fig.8. The bump around 20 [usec] is due to 
the large kick factors of the modes near 36 [GHz] shown 
in Fig.G. The expansion coefficient of the mode shown 
in Fig.7 exhibits a large mixing of the 4 'th and the Tth 
open lllodes into the 6't.h mode. 

t 4' 
< 
~ 4.0 

011 No. OIlNa. 

(t) : Di.k thickn ... distribution (8): Disk ap.,.ture distribution 

Figur(' 5: The dimensions of disks of the detuned struc· 
tur('. 
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Figure 6: I~ick factors of the detuned structure. 

Summary 

• The open mode expansion was developed to estimate 
t h(' dispersion relations and the kick factors of the 
iufiuit.ely periodic structure incorporating the modes 
as high as needed. 

• Eased on the above method for periodic structure, 
t.he open mode expansion was further developed to 
estimate the wake field of the detuned structure. 
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Figure 7: The coefficients of the open mode expansion 
of the 61 'th (15.6GHz, left) and 879'th (36.2GHz, right) 
modes of the detuned structure. 
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Figure 8: Wake function of the detuned structure. 
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