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Abstract According to this model the transient fields during build-

The new design of the accelerating structures for TESLAP and a sequence of bunch transversalg were calculated
n’]_a semi-analytic manner (sect. 3). Details and results of

the so-called superstructures composed out of several m . . . ) .
. - up . P . H1e eigenmode determination with MAFIA are described in
ticell cavities, is studied. Here a superstructure is com- 5

posed out of four seven-cell superconducting resonatoFs?C'
e.g. in total 28 coupled cells. A central question is the fill-

ing characteristic of the superstructure since each is fed by
one coupler only. The filling and the beam loading of the
superstructure is studied in this paper with a model taking o CALCULATION OE EIGENMODES
into account the lowest 28 monopole modes. Their calcu-
lation is done with MAFIA. The large number of cells and
the fact that the eigenvalues are clustered puts some diffi-
culty to the mode computation which is carefully carried
out to get reliable results. The input coupler is simulated
by a driven current loop. This model leads to a coupled set
of differential equations which is set up and solved in time.

1 INTRODUCTION

The effective accelerating gradient of future linear collid-
ers should be as high as possible in order to reduce in-
vestment costs. For given gradient limits of the acceler-
ating structures only shortening of passive elements allows
for a higher effective gradient and a shorter overall length. Whiv Fostock
Therefore a structure of 4 coupled 7-cell cavities has been  Figure 1: Detail of grid and cavity cross section
proposed by Sekutowicz [1]. This also will give the ad-
vantage of less expensive construction of cryomodules,lg

much smaller number of input couplers and a simplified or the. ¢|genmode caIchannZax 7-cell structure with
tuning. Each of this so-callesliperstructuredas to have additional/2 beam pipe at the left hand side has been
only %ne input coupler, which FI)eads to the question of gliscretized. The calculation was performed in two subse-
proper filling and refilling of the complete structure withquent runs with electric and ”?f?‘g”e“c boundary conditions
field energy within the given temporal limits. This ques—at the right border, thus exploiting the symmetry of the full

tion has been studied theoretically with an approach basicj>< 7-structure with respect to this plane. The geometry

upon eigenmode expansion (compare for example [2], [3 ata were provided by J. Sekutowicz, DESY [6]. The max-

[4]). The eigenmodes of the superstructure have been cA nal radius of the outermost left celllwas increqsed from
culated with MAFIA [5] in rotational symmetry. The tran- :I:chl ? 104.9?t5hmm o IlOE}.'O44_mrr;|n Zrder t9 Ilmprov_e

sient fields were expanded in the set of the first 28 eigen—e atness ot tne accelera ingh-mo €. A special proce
modes, i.e. the fundamental passband ofitk&-cell struc- dure was applied to set up the car-teS|an grid which is used
ture. The coupling to a transmitter was modelled as a shot? MAFIA..For every radial "T‘e' th'? procedurg calculates
on-axis wire with a driving current in the left beam pipea z-coordinates of intersections with the cavity boundary

near the first cavity. The transmitter resistance leads gnd places:-lines at this positions. This avoids corners in

a much higher damping than wall losses (the external eee;l?jt?gilisr;%%eaan?O;eig]uz;iisntgf tr?gm::%g;m(e:ih Illn)es
is much lower then the unloaded one), therefore the Iatteirh g bp g y (F19. 1).

ones were neglected. This resistance furthermore inducese.ac-celeratmg mode was found gt 1'30064092.4 GHZ.; Its
a mode-to-mode coupling. The beam is calculated as a 5proﬁle is the steady state case of fig. 3. The maximal field

L . RN . in the outermost cells showed to be 4.4 % lower than the
guence of equidistant Dirac pulses with infinite stiffness. . . )
overall maximum. Some further improvement of the field

*work supported by DESY flatness may be achieved by slight variationgf, ...
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3 TRANSIENT FIELDS The solutionw is composed of eigenvectods with time
dependent factors(t)e*i!, \; being the corresponding

e W\UM eigenvalues of the coefficient matrix:
—> = Ib

o(t) = Xn:uj(t)e)‘ftv'j’- . (6)
j=1

Cramers rule gives:

Figure 2: Cavity chain with transmittet/§, R) driven
current/, and bean,

uj(t) = det(_yj) ) (7)

det(v )

The time dependent fields are expanded in the set of the . . . .
n = 28 (normalized) mode#, of the fundamental pass- Y= (@15, Tn), v, = (T, sy ey Tn) o (8)

band. The truncation of high&fMy-type modes is justi- andu; results by integration from the inhomogenity
fied by the large frequency gap to the following passband

that arises only above 2 GHz. t \
Wy = / e MNTE(r)dr . 9)
n 7=0
E(7t) = > a, (t)E, (7) (1)  Except moments with a bunch being inside the cawitys
v=1 found analytically, as long as the exchange integrals of field

and current are known. In case of the transmitter current

The caylty ch.am is excited by the beam purrép'and 4 these integrals equ#l, (already used when setting up the
transmitter driven currerft.. The latter one is located near matrix) resp

the beginning of the first cell and - for reasons of simplic-
ity - on axis. This has the same effect as a peripheral input Liges/co
coupler, assuming a common factor between field ampli- /
tudes of both places of excitation. The external transmit- T
ter has an idea| source with V0|ta% and a resistance in case of the beam current. They are Calculated from the
R. This resistance is the only damping within the systerYlAFIA field profiles. The procedure is described in more
which also induces a mode coupling. The total current digletail in [7].

tribution is expanded in the electrical eigenfields. Apply- I the TESLA scheme 1130 bunches of
ing (1), Maxwells Equations, orthonormality of the eigen-5.7267 - 107° As charge are foreseen following each
modes and Kirchhoffs law for the external circuit yields ther in a distance of 919 rf periods. The injection of the

system of coupled and damped oscillators: first bunch happens at rf period 760336 (584s&c) at half
the unloaded steady state voltage. From this an external

e NTE, ,(coT)dr (10)
=0

9 2 1 . Q = 3.446120 - 108 follows. This data allows to calculate
<% + @) @y + R Z Ky Kmam = the transmitter resistance, which of course is only valid for
9 K a certain coupling, defined by length and position of the
= (c,, + #Uo(t)) =: —iw, s, (2) current path. For the calculations in Fig. (3) a (slightly to

low) @ of 3.433810 - 10 was found from the eigenvalue.

This results in a voltage decrease of about 0.55 % in the

with K, = —/ E, (7 d7 | (3) first, 0.37 % in the 7th and 0.8 % in the last cell (comp.
curr.path Tab 1) from the first to the last bunch.

o = / Foeam - By (M) AV @) E,[(MVIm) | cell1 | cell7 | cell28
Va bunch1 | 47.352| 48.009| 47.426

bunch 1130| 47.089| 47.831| 47.044

Introducing variableg = %a this is transformed to a first

order system with twice the dimension: Tab 1: Voltage decrease
_ 0 iwi ...0 0 The voltage was calibrated to be 25 MV/m inside the res-
‘gl P =+ 0 Kiknos ‘gl 0\  onators atfirst injection, equal to 80.6756 MV in total. This
! ! RO Ren ! 51 total gradient was plotted for each bunch with an improved
A N : o : N i Q (Fig. (4)). The remaining deviations appear as jitter of
an 0 0 ...0 dw, an 0 < £1000 V.
7 2
br, 0 — &= Iji“’l. iwn, — % bn Sn
or
T-Mi=58 . (5)
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Figure 3: Sequence of field profileB{/(V/m) vs.z/m )
at increasing timel(" to 10° rf periods; first, last bunch).
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Figure 4: Deviation of integrated accelerating field from
average value of 80.6756 MV vs. bunch number.

4 CONCLUSIONS

The model applied proved to be an appropriate tool to de-
scribe the transient fields in beam- and transmitter-driven
cavities of high unloaded Q-values. In spite of the large
problem size MAFIA calculations necessary to set up the
analytical system can be done with reasonable effort giving
reliable results. The most difficult aspect is to control the
field flatness of the accelerating mode which is very sen-
sitive to geometrical variations. The simulations indicate
that filling and refilling of the proposed superstructure can
be completed within the given time structure - even at the
cavity end opposed to the coupler.
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