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Abstract

Electrodynamic characteristics as well as dispersion
curves, shunt impedance, Q-factor etc. are presented for
structures which have a slot shape aperture. Using of this
structure is proposed for construction on future e+e- lin-
ear colliders. There is a special interest for a measur-
ing a focussing gradient of accelerating field and a over-
strength electric field coefficient. All this characteristics
are parametrized as a function of loading coefficient.

1 INTRODUCTION

By working out of the high energy colliders there is a ac-
tual problem of a beam driving in a high accuracy along
a collider length. For diminishing of beam transverse non-
stability in a considerable part of the collider it may be
used of BNS-effect [1]. But for this it’s necessary to in-
troduce a scattering of the bunch energy longitudinal dis-
tribution. It leads to a frequency dispersion of particle
transverse oscillation during of a acceleration because of
a chromatic magnet focussing system. A bunch displace-
ment from the maximum of accelerating wave produces
inadmissible energy spectrum expansion at the final part
of collider.

It’s known that a relativistic bunch moving with deflec-
tion from disk center of axial-symmetric structure is tested
no focussing force influence because of the compensation
between an electric field radial component and a magnet
field azimuth component. By change of aperture shape
to nonaxial-symmetric (f.e., a slot) RF-focussing appears
[2,3].

Electrodynamic characteristics of nonaxial-symmetric
structure (as a slot aperture disk loaded waveguide) for
wide range of typical size are considered.

2 METHODS OF ELECTRODYNAMIC
CHARACTERISTICS
INVESTIGATIONS.

All future collider projects are based © = 27/3 mode os-
cillation at the main accelerator structure with the rel-
ative phase velocity value 3, = 1.0, load coefficient
a/A =0.10 = 0.24 (where a - halfheight of the aperture, A
- wave length) [4]. So the characteristics were investigated
at the mentioned range.

For the using of the data for the collider construc-
tion and the beam dynamic estimate the next universal
parametrized characteristics have been obtained:

-dispersion curves f, = F(©) and Fourier expansion co-
[ee)
efficients of resonance frequency: f = Cy + Y Cicos(i©)
=1

- a/b = F(a/A),where b - waveguide radius;

-group velocity B, = F(a/A) ;

-sensitivity functions 5%’;—) and 3—?-5%

-Q-factor @ = F(a/)),shunt impedance 7,5 = F(a/))
and a ratio T = F(a/})

-normalized focussing gradient [5]

%FE,,(2,0)/E.,(0,0)

Gz(z,0), = 502 = F(a/))
8?E,,(0,4)/E,,(0,0 .
Gy(0,)n = LERODEO0) _ pi
Y
-overstrength electric field coefficient K,, = E%m =

F(a/)\), where Egpmga, - electric field amplitude at the most
electric breakdown dangerous place of the disk surface,
E,, - electric field amplitude on the structure axis.
S-band resonant section assemblies consisting of five
identical cells and two halfcells were developed and studied
for the purpose of electrodynamic characteristic investiga-
tion. 2 /3 mode oscillation are exited in the assembly with

the Bpn = 1.0 (Fig.1).
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Figure 1: Experimental installation

The measurement installation based on the reactive
probe technique consists of five elements: an experimental
assemblies, an amplifier-autogenerator, a frequency-meter,
a device for probe support and replacement on 3 directions,
a personal computer for automatic assignment of parame-
ters and experimental data treatment [6,7].

Measurement error of dispersion curve, group velocity,
shunt impedance and Q-factor is not more some percent;
focussing gradient and overstrength coefficient does not
exceed +10%.

The method of the focussing gradient definition was
tested by code MAFIA-3D. 3 variants of structure geom-
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etry have been calculated; values of measured and calcu-
lated characteristics coincide at the error interval.

3 ELECTRODYNAMIC
CHARACTERISTICS OF THE SLOT
STRUCTURES.

The experimental cells with different height of aperture
were manufactured for the characteristic measurement as
furnction of the load coefficient a/A . Part of cell sets has
rounded boundary with R = ¢/2, where ¢ - disk thick-
ness. Character sizes of the slot structures, the resonance
frequency and group velocity are given in Table 1.

Table 1: Sizes of the investigated structures

2a, 2b, a/b | fanys, | /A t/x Bor
mm | mm MHz
15  83.88 | 0.18 { 2805.9 | 0.07 | 0.045 | 1.004
15 83.88 | 0.18 | 2797.5 | 0.07 | 0.045 | 1.001
20% | 85.70 | 0.23 | 2799.9 | 0.09 | 0.045 | 1.002
20 85.70 | 0.23 | 2787.1 | 0.09 | 0.045 | 0.998
25 88.00 | 0.28 | 2774.3 | 0.11 | 0.045 | 0.994
30 91.00 | 0.34 | 2753.1 [ 0.14 | 0.045 | 0.986
35 93.25 | 0.38 | 2796.4 | 0.16 | 0.045 | 1.001
40 93.25 | 0.43 | 2862.8 | 0.19 | 0.045 | 1.024

* — with rounded.

Table 2: Calculated Q-factor for some slot structures

a/x t/A Q
0.070 | 0.045 | 15080
0.125 | 0.038 | 15700
0.150 | 0.055 | 15150
0.175 | 0.055 | 15400
0.200 | 0.055 | 15350

By small change of a and b it has been obtained sensi-

tivity function for a/A = 0.16.%{— = 0.012 MH: gL =
a um ) 92
4 MHz 1 af . MH=z 1 38f MH:
The error equals 5%.
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The dependencies of ry, = F(a/d) , g = F(a/)),

QAF = F(a/)) and 22 = F(a/)) (P - power flow)

Table 3: Focussing gradient for slot structures

a/X, | G2(0,0)n | Gy(0,0) | Eelptie ey
L L x10718 55 | x10716 &5
0.07 -1770 2270 -2.26 2.90
0.09 -1720 2190 -2.19 2.80
0.11 -1650 2100 -2.10 2.69
0.14 -1640 1920 -2.10 2.45
0.16 -1560 1720 -2.00 2.23
0.19 -1480 1570 -1.92 2.01

Table 4: Focussing gradient (E,o = 100 MV/m)

F=146 GHz F=29 GHz
a/) [G(0,0) | Gy(0,0) | G2(0,0) | Gy(0,0)
T T T T
007 | —505 | 646 — —
0.09 | -488 | 624 — —
0.11 | —468 | 59.9 — —
0.14 | —468 | 546 — —
015 | — — | =97(90)* | 113(87)"
0.16 | —44.6 | 49.7 — —
019 | -428 | 4438 — —
020 — — | —87(83)* | 93(81)"

* — according [3,8]

are given in Fig.2 (experimental data) and Table 2 (data
calculated by MAFIA-3D) [3,8].

Experimental values of the normalized focussing gradi-
ent for different a/X are shown in Table 3. In Table 4 there
are data of the focusing gradient, determined in the case
of accelerating gradient 100 MV/m at the 14 GHz and
29 GHz. The data in the parenthesis were calculated by
MAFIA [3].

A character of G(0,0),/fZ and G;(0,0),/f¢ as func-
tion of a/A is shown in Fig.3.

53—
T ]
2 h-*\iy-\‘
t
2.00
\
100
2.00
-1.00
-2.00 =
A
-3.00
0.06 0.08 o1 0.12 LRI 016 [NE]

Figure 3: 1 - %‘%—Olﬁ*lo—lﬁy 7:1_22; 9. Gy(fo,[))n £10-16, 7:;2
0

a

The measurement of overstrength electric field coeffi-
cient has a special interest because the calculation by com-
puter code is very complicity (increase used processor time
and memory). It’s no acceptable and possible in any case
from a limitation of computer power. This experiment is
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based on the reactive probe technique. A small dielectric
probes of rectangular shape (such size is 1 x 1 x 0.5 mm?)
were used for this measurement. It was replaced along disk
surface with a discretization step equals near 0.5 mm. In

Fig.4 there 1s a dependence &, = E‘P’; for the disk #3
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Figure 4: Dependence of €, along surface of disk #3, z = 0

(see Fig.1) and coordinate ¢ = z¢ (the center of the slot
board). Here there are 2 different picks of electric field
strength. ’

Values of £, for different disks of experimental assembly
are shown in Table 5.

Table 5: Values of electric field strength at the disk surface
disk 2 disk 3 disk 4
139 | 121 | 336 | 262 | 354 | 271
130 | 117 | 294 | 232 | 336 | 253
118 | 111 } 235 | 174 | 299 | 220
129 | 117 | 294 | 232 | 342 | 256

The graphic of K,, = F(a/A) for structure with R, = %
is plotted in Fig.5.
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Figure 5: Dependence of K,v as function of a/A

4 CONCLUSION

Created installation and methods may be used for a total
investigation of nonaxial-symmetric structure with accept-
able error and time.

The mentioned data were used for elaboration accelera-
tion accelerating-focussing structures for future linear col-
liders as well as calculation of beam dynamic.

5 ACKNOWLEDGMENT

The author would like to thank V.E.Balakin for the offered
works and I.Wilson for the helpful discussing.

6 REFERENCES

(1] V.E.Balakin, A.V.Novokhatski, V.P.Smirnov *VLEPP:
Transverse Beam Dynamics” in Proc. 12th Int. Conference
on High Energy Accelerator, Batavia, 1982, p.119.

[2] W.Schnell ”Microwave Quadrupoles for Linear Colliders”,
CERN-LEP-RF/ 87-24, 1987.

{3] W.Schrell, . Wilson *Microwave Quadrupole Structures for
the CERN Linear Collider”, CERN-LEP-RF/88-15, 1988.

[4] G.Loew ”Review of Studies on Conventional LC in S- and
X-band Regime” in Proc. of 15th HEACC’92, v.2, p.777-
780.

[5] A.N.Didenko, K.W.Glavatskikh, V.N.Gusarov,
K.I.Mokachev, N.P.Sobenin ”Electrodynamic Characteris-
tics of Structures with Non-Symmetrical Apertures” in
Proc. of EPAC’92,Berlin, 1992, v.2, p.764.

[6] K.W.Glavatskikh, V.A .Pavlovsky, N.P.Sobenin
"The Measurement of Field Transverse Gradient in Non-
Axisymmetric Structures” in Proc. of 3rd Int. Workshop
on Linear Collider (LC”91), BINP, Protvino. USSR, 1991,
p.293.

[7] K. W.Glavatskikh, V.A.Pavlovsky, N.P.Sobenin ”Measure-
ment of Transverse FElectric Field Gradient in Non-
Axisymmetric Structures” in Proc. of EPAC’92. Berlin.
1992, v.2, p.811.

[8] 1.Wilson, H.Henke " Transverse Focussing Strength of CLIC
Slotted Iris Accelerator Structures”, CLIC Note 62, May
1988.

1291



