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INTRODUCTION independent parameters for optimization: 3 half-aXes (
B, anda), the fourth onelf) is defined by geometrical

As it was shown in tutorials at the SRF 2003egtrictions. The value of the equatorial radRe is used
workshop [1], the consecutive usage of optimizatiofyr tyning to the working frequency.

algorithm for minimal losses leads to a reentrant shéipe 0 cgjculations were done with TunedCell code that is a

the cavity cell. The reentrant shape was also oltaase \yrapper code for SLANS and was developed specially for
the optimal shape for maximal accelerating gradient if wg st optimization [5]. The SLANS code is known as a

and we minimize this field for a given overvoltage on th%ptimization.

iris [2]. Now we will show that optimization for
H,/E.leads to nearly the same geometry as

optimization forG- R/Q, at least with difference in these B
parameters less than 0.2 %. Hetg, /E,.. denotes ratio

of peak magnetic field on the cell surface to accelegat
gradient in this cell. This ratio is defined by geometry,
and the lower is it the higher gradient can be achieved.
G- R/Q is the product of the geometry factor and the
geometric shunt impedance. This value is a measure of
losses in the cavity. For a given surface resistdosses

are inversely proportional to it. %5
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Fig. 1: Geometry for calculation.

THE GEOMETRY FOR OPTIMIZATION
RESULTS OF OPTIMIZATION

For this optimization, as we did earlier [2], we
employ the construction of the cell profile line as two  Optimization of the cell shape consisted in search of

conjugated elliptic arcs (Fig. 1). The radius of the iriminimal value ofH , /E,. or maximal value oG- R/Q
aperture is chosen by some additional consideratioritsanqOr a cell with a given value of the surface

not the task of this optimization, the lengttof the half- : L

cell is taken as a quarter of the wave-length, and boundé\)rYFrVOltagEF"‘/Ealcc ' Yvhere Ep is peak electric field on
conditions correspond to themode. The value of the the surface. Calculations are done for the cell frequen
equatorial radiugeq is used for tuning to the working Of 1.3 GHz but the results are suitable for any frequency

frequency. Sure, a more intricate profile line can give Because the issue of optimization is the shape, not

better eventual result, and we used earlier a descrigtiondymensions. o
the profile with 6 circular arcs [3]. However, an As can be seen from the Table, optimizations for

improvement ofH pk/Eacc was not more than 1 % in the Maximal gradient and for' minimal losses give practically
. . : - same results. We examined 3 cases: different apertures
case of 6 circle arcs in comparison to 2 elliptic arc

Usage of a straight segment between 2 arcs, as it & dZ'ﬁ'S radiusR, ) with SamEEp"/EaCC (see "a” and "b" in
for the TESLA profile [4], also can be replaced by #he Table), and different values &, /E, for the same
elliptic arcs without a loss of parameters. Adoptionrof agperture (cases “a” and “c”).
elliptic arc for the equatorial area is crucial. Thelghem The cause of same result for different goals of
of cavity electric strength made to take the iris edge ingptimization is in minimization of magnetic field in hot
shape of ellipse far ago. We apply an ellipse to theases. When we search geometry for highest graeient,
inductive part of the cell because now we have a problesfive to minimize the maximal magnetic field on the
of magnetic strength. cavity surface. When we are looking for geometry with
And the last but not least argument in favor of Zninimal losses, we minimize the mean valueHfover
elliptic arcs is that in this case we have only 3he surface. Any deviation from minimally possible



magnetic field will be punished with a squared value of Optimization leads to a longer flat part of the curves
the field. For a given acceleration in the cefl. (), the for magnetic field than the TESLA cell has. The curves
magnetic flux is nearly the same for close geometaies, for electric field are smoother for the optimized sksape
optimization leads to a minimally possible value of field ~Maximal differences in the values df , /E,, and

on the surface in both cases. On the other hand #hik fi G- R/Q are obtained for the second geometry (See the
is achieved on a larger surface area. This meanshthat

maximum of the magnetic field becomes very flat. ThIerable)’ whenRbp = 30.mm andI_EPK/EaCC =20.1n th|s.
three optimized shapes and the shape of the TESLA cérst case we have difference in 0.19 %. for normdlize
are shown in Fig. 2. Distribution of the surface fieldgnagnetic field and 0.08 % for losses. Those deviations
along the cavity profile line is shown in Fig. 3 ftrose hardly can be noticed in practical measurement and can
three optimizations and, for comparison, for the TESLAe treated as negligibly small. Maximal difference in
cell as well. Graphically shapes as well as fieldgeometrical dimensions, 0.2 mm, is also only slightly
optimized for the two goals, coincide. higher than possible accuracy of fabrication.

Table. Comparison of results for two goals of optiniarat

a)R, =35 mm, Optimization folOptimization fo Diff . ¢
E /E —24 max gradient| min losses Iflerence in parameters
pk acc
S Mo/ B 37.787 37.804 |O(Hu/Euc). % 0.04
R Oe/(MV/m)
> .
= = G ?/%Q’ 33811 33818 | S5(G-R/Q), % 0.02
Oh
= v A 51.53 51.40 AA -0.13
%é - B 36.25 36.37 AB 012
£ é £ a 9.19 9.32 Aa 0.13
O
O©o Req 98.713 98.731 AReq 0.018
b) R, =30 mm, Optlmlzat|o'n fo Optlmlzanon fo Difference in parameters
Ep/Ene = 24 max gradient| min losses
= H,/E..
5 _ e/ Bace 35.003 35070 |S(H y/Ee). % 0.19
IR Oe/(MV/m)
.L% E G ?/%Q’ 38656 38686 | 5(G-R/Q), % 0.08
Oh
= u A 54.00 53.90 AA -0.10
%é - B 38.96 38.85 AB 0.11
£ é £ a 7.60 7.80 Aa 0.20
O
Owo Req 97.380 97.312 AReq 0.068
c) R, =35 mm, Optlmlzat|o'n fo Opt!mlzanon fo Difference in parameters
Ep/Ene = 20 max gradient in losses
= H,/E..
5 _ e/ Bace 39.900 39.917 |6(Hu/Ec) % 0.01
IR Oe/(MVIm)
SE G-RQ, 31839 31843 | 5(G-R/Q), % 0.04
L Ohnt
= u A 45.36 45.35 AA -0.01
£ 5 B 36.20 36.12 AB 20.08
et
S g S a 12.81 12.86 Aa 0.05
O
Owo Req 100.685 100.644 AReq -0.041




mm
954.9 e
C
E(mM)
H(A/MI} yaGNETIC FIELD a 2
60
572.96| FIELDS ONMETAL ALONG THE TESLA § 8.477

PROFILE LINE

40
NORMALIZATION : W= 0.001 JOULE c

190.99 8.159
et ELECTRIC FIELD
0 x/L 1
0 ! ! | Fig. 3. Fields along the profile line for optimized shapes
0 20 ¥ mm and for the TESLA regular cell. Curves a, b, and ¢

. o correspond to 3 cases presented in the Table and ig.Fig.
Fig. 2. Three optimized shapes and the shape of the The coordinatex along the profile line is normalized to
TESLA cell. the lengthL of this line ( is different for each shape).
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