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Abstract

The new code SUPERLANS is described. The main
SUPERLANS features are: an evaluation of both the
standing waves in axisymmetrical cavities and travel-
ling waves in periodic structures; the number of modes
(or dispersion curves) are calculated simultaneously in
the arbitrary spectra domain. To increase the code effici-
eney the following modern methods are used: the isopa-
rametric second order finite elements for the field appro-
ximation; the subspace iteration method for the determi-
nation of spectra. To increase the accuracy ol calculation
af the field near the axis the coordinates (Z. RY) are
used. There is code version for 1BM PC/AT with the
interactive dialogue data input and postprocessor with
developed graphics. The code is currently used for the
INP RF-system design.

INTRODUCTION

In 1979 the LANS [I] code was developed in the
INP. The code used the inverse iteration method with a
spectra shift for the calculation oi the eigen irequencies
in the arbitrary spectra domain in axisymmetrical RF-ca-
vities. The triangular simplex elements were used in the
code. Then other codes MULTIMODE [2] and PRUD [3]
were developed. The subspace iteration method is used
for the simultaneous calculation of the number of
modes in the codes. The codes also permits to calculate
the dispersion curves in periodic structures. The isopa-
rametric second order clements are used in the codes.
We develop new code SUPERLANS based on the me-
thods which are used in these codes. The main features
of new code are:

— the code is made Tor personal computer and has
interactive input-output and uses the graphical pos-
sibilities of the computer;

— the probiem formulation is used, which eliminates
the singularity in matrix elements on axis [2, 3]:

— 1the coordinates (Z, R?) are used for the increase in
accuracy of field calculations near axis.

GENERAL

The code SUPERLANS was made for the calcula-
tion of azimuthally-homogeneous modes in the axi-
symmetrical RF cavities and periodic structures. For
the evaluation of eigen modes the wave equation with
respect to Tollowing function is solved: function:

”:;Jr‘/{,lr—[.' WAVt
\re£—H wane

The boundary conditions are set on axis, plane of
symmetry and metallic surfaces. The metallic surfaces
are supposed to have an ideal conductivity. The grid with
eight node isoparametric elements is used in the code. The
Galerkin method is used to obtain an algebraic system
(A—#k*.B) - [1=0. Unlike [2, 3] the integration in the
Galerkin method is made over the volume problem, but
not over the square of the cavity crossection. In this case,
the matrix coelficients haven't the singularity in integral
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expression:

a=\{1/x- O/ Gz 0/ 02+ O fax - Jox dyde,

b=\ -/ dedz,  wherexy= ri.

The Dirichlet boundary condition is sct on axis, so the
matrix coefiicients arven’t calculated for the axis nodes,
The basic Tunctions and their derivatives with respect to 2
for the nodes near axis are proportional to x, so the mat-
rix coefficients haven't singularity in the integral expressi-
on on axis.

The reason of using the coordinate system (Z, R¥/j4)
is the following. The function Il is proportional to r* near
axis, since the Tield is proportional to r near axis. Isopa-
rametric elements are closed to rectangle near axis, so, il
the ordinary coordinate system is used, the r and z coci-
dinates are proportional to the corresponding local coordi-
nates. As a result, the function {1 and r behave similarly
near axis, so Il is proportional 10 r. Therefore, the coordi-
nate system (Z, R*/4) is put into operation to remove this
uncorrectiiess in the fdield description. In this case, we
must to move the middle nodes on elements near axis for
the right description of coordinates on element. The node
on element side perpendicular to the axis is moved. The
radius of node is found from the cquation r'==ri/2, where
ro— the radius of corner node.

As we have said above, SUPERLANS permits to cal-
culate the travelling waves in periodic structures. The cal-
culation of the dispersion curves is made automatically.
The Floquet theorem [4] is used for the caleulation of
travelling waves. The theorem permits to build the travel-
ling wave with the phase shift ¢ over the structure period
by two real functions. One oi them is symmetrical on the
period, the other is antisymmetrical. The equations Jor this
functions are analogous to the equation for the standing
wave. The funclions are related on bound ol period by
coefficients dependent of the phase shiit 0.

The code also permits the evaluation of the RE cavity
with an inhomogeneous ferromagnetic and dielectric iil-
ling. For example, the one version of cavity with the retu-
ning of irequency for the LEB [5] is shown below.

The code is realized on IBM PC/AT and the graphic
possibilities of computer are widely used. The interactive
input-output are used with simultaneous displaying gra-
phical information. This possibility simplifies the procedu-
re of cavity geometry input. The logical mesh with
maximum number of nodes 3000 is used for generating
the finite elemeni mesh. Ten modes can be iterating
simultaneously in the arbitrary spectra domain.

The code applications are shown on some examples.

The field distributions of two modes in DAW strue-
ture [6] are shown in Figs. la and 16, and dispersion
curve is shown in Fig. lc¢.

The calculation of RF cavity of VEPP-5 [7] is
given in the Figs. 2a, 2b. The wide spectra domain was
explored (200 modes) for this cavity. The working and
one of the highest quasi-optic modes are shown in figu-
res.

The results of cavity calculation for accelerator «St-
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beria» [8] are given in Figs. 3a, 36. In this case the
modes, interacting with a beam, are shown.

The two first modes of cavity of accelerator
«ILU-10» [9] are shown in Figs. 4a, 4b. The speciiic
feature of this cavity is that it consists of two parts.
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The constant voltage is applied to the internal part to
suppress the multipactor.

The calculation result of the one version oi cavity
jor the LEB with an inhomogeneous ferromagnetic and
dielectric filling is shown in Fig. 5. This cavity is tuned
in RF frequency within 30%.
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