XX International Linac Conference, Monterey, California

CDS STRUCTURE FOR THE NORMAL CONDUCTING ACCELERATING
CAVITIES IN TESLA LINEAR COLLIDER

V.V. Paramonov, L.V. Kravchuk, INR, Moscow,
K. Floettmann, DESY, Hamburg

Abstract

Due to some beam dynamic requiremeigelerating cav-
ities for TESLA injector linacs should be embedded into
solenoid magnetic field and TESLA superconducting cav-
ities can not be applied. Consideration shows the Cu
Disk Structure (CDS) as a good option for TESLA Nor-
mal Conducting (NChaccelerating caties. The structure
cells shape has been optimised at operating frequency 13(
MHz for different accelerating gradients and beam bore
hole diameters. Results of the thermal stress analysis shc
the ability to operate with highccelerating gradient (up to
14 MV/m) and long { 800ps) rf pulse. Different options  Figure 1. A general view of the S-band C[3S= 1.0 cold
for the structure segmentation, both single cavities and cav- model,k. = 22%.

ities with coupling bridges, are considered. Design param-

eters for CDS cavities are presented.

is smallest fo? = 1.0 - the case for applicationin TESLA.
1 INTRODUCTION Taking into account the CDS operating parameters for the

Due to large emittance of the positron beam after confESLA project - duty factor 0.04 and enough hiagtcel-
version target the focusing with solenoidal field shouldrating gradient, the total web width is chosen to be equal
be applied in the beginning of the TESLA Positron Prel, = 32mm, consisting of two wallsi4mm thick) and
Accelerator (PPA) [1] and a normabrductingaccelerat- 4mm for the coupling cell length. The wall thickness of
ing shtructure with a small outer diameter should be used4mm is sufficient for the mechanical strength and for the
Comparison between travelling wave and standing wawooling channel placement. Between drift tube the cou-
structures shows for the TESLA operating frequency 130@ling cell has a conic shape to supress a multipactor dis-
MHz (L-band) more effective and flexible solutions withcharge [4].

the Standing Wave (SW) operating mode. Comparing difextensive cell dimensions optimization has been per-
ferent SW structures and taking into account the enlargdd@rmed at the operating frequendyp00M H > [1]. The
coupling coefficient:. for CDS structure, the higher (sev- maximum surface electric fielfl;, .. is limited for CDS
eral percent) shunt impedanég in CDS and basing on design toFq, = 40MV/m = 1.29E), - a rather con-
results of numerical simulations [2],[1], results of the coldservative value, taking into account long TESLA pulse
model measurements [3], and the fact that CDS and the Of00.:s), @ multi-gap cavity design and the fact that the
axis Coupled Structure (OCS) are similar in parameters @ossible improvement in thg, rises slow with increas-
the accelerating cells (operating mode), the CDS structutd Esmas. For the optimized cell shape the plots of the
for PPA is recommended. Z. dependencies are shown in Fig. 2 assuniihg =
This structure is also proposed for another NC cavities @2mm, Esmae = 40MV/m.

the TESLA project, for example the pre-accelerator of théhe plots on Fig. 2 show the well known behaviou?

polarised electrons source. decreases with and £y7" increasing. But due to the ex-
tensive optimization thes&. are maximized. From the
2 CDS DESIGN PARAMETERS PPA beam dynamics study [1],[7] a relatively large aper-

ture radius~ 23mm and two FyT values14.8MV/m
CDS looks similar to the well known OCS but realize a dif-and8.5M V/m are required. The first one is mostly lim-
ferent idea in the design of the coupling mode [2], resultinged by the structure. The moderateb M V/m value is
in an increased value. ~ 20% for 8 = 1.0 without drop also related to the available rf power and the section length
of an Z.. CDS rf properties were tested in S-band coldn the second PPA part (restricted by the focusing period
model (Fig. 1) measurements, confirming the idea and dkength). Even though th&, value difference forz, 7" =
sign parameters of this structure [3]. 14.8MV/mandE,T = 8 5MV/m s not drasticy 14%,
The same way as for another coupled cells structures, thés reasonable to chose for the PPA two CDS cell geome-
CDS shuntimpedancg. decreases with the web (betweentry options.
accelerating cells) thickness increasing But this decreasifigne CDS design parameters for the TESLA PPA are listed
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Figure 2.7, dependencies oh,7" for a CDS cell with
different aperture radii. Up to down -
a = 12mm, 15mm, 18mm, 21mm, 24mm, 27mm.

Figure 3. RF losses distribution along the CDS-PPA
surface.

Table 1: CDS design parameters for the TESLA PPA. tajined (see Table 1) are higher than usual for OCS structure

and are sufficient to construct an accelerating cavity with
40 + 60 accelerating cells.

An important point for the stable structure operation
is a cooling capability. Real 3D thermal stress analysis
has been performed by coupled simulations with MAFIA
and ANSYS codes [5]. About0% of a total rf losses at
8 = 1 take place in the web (including drift tube), be-
low the upper window radius. With a significant heat load
value P}, the heat conductivity of copper is not sufficient
to transfer a large heat flow from the drift tube region to
outer circumferential channels. For a moderate heat load-
ing P, < (10 = 15)kW/m the usual cooling scheme with
two web channels and a set of poter circumferential chan-
nels, similar to usual OCS cooling sheme [6], ensures reli-

Parameter Unit 14.5 8.5
Operating frequency MHz | 1300.0| 1300.0
Phase velocity 1.0 1.0
Aperture diameteta mm 47.0 46.0
Total web thickness mm 32.0 32.0
Gap lengthy mm 73.46 | 66.16
Drift tube cone angle deg. 20.0 20.0
Lower DT radius~ mm 8.87 2.25
Upper DT radius, mm 8.87 242
Upper cell radiugs mm 8.50 8.50
Outer cell radiugr, mm 85.45 | 82.52
Effective impedance. | M/m | 33.15 | 37.76
Coupling coefficient:.. % 9.1 11.4
Quality factor@, 21100 | 20700
Transit time factofl’ 0.783 | 0.801

able CDS operation. For the PB4 =z repetition rate and

~ 800us pulse theP;, ~ 12kW/m corresponds to possi-

i Table 1.

If an enlarged aperture radius is not nesessary for anott
CDS applications, it looks reasonable to choose the thil
CDS cell option forZ. improvement, remaining the main
ideas and technological solutions in the CDS cavity desig!
The coupling windows, following the CDS idea, are chosel
shorter and wider in comparison to standard OCS slots a1
a coupling window shape is optimized to reduce as mutc
possible the rf current redistribution. The typical rf losses
distribution at the CDS surface is shown in Fig. 3. With
a correct choice of the coupling window shape and dimer
sions there are no regions with high rf current density ¢
the ends of the coupling windows (as compared to anoth
slot-coupled structures). This CDS property ensures an e
largedk. value without”, reduction. Due to the relatively
large aperture radius/ Ay ~ 0.1 in the CDS-PPA options,

mannm

there is no space to realise the maximum coupling coeffgigure 4. Von Miss thermal stress distribution for the PPA

cientk. ~ 20% for CDS at8 = 1. For this purpose the
lower window radius should be smaller. But the values ob-
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ble accelerating gradied, 7' ~ 12M V/m. The operating
frequency shifts due to the surface deformation are withi
tolerable limits to be removed by the frequency control sys
tem. The internal stress valuég; are below the yield
strengthSiim ~ 530kg/cm? of OFHC copper and the
total reduction of the shunt impedanee(2 + 6)% due to
surface heating is not dangerous. Typical von Miss thel
mal stress distribution is shown on Fig. 4 for the PPA CD¢
moderate gradient option.

For high heat load?, > 15kW/m with the usual web
channel scheme the limitation come from the internal stres
value -S;; may exceed the yield strength of OFHGpper.
Two parallel web channels should be @g#d by four ra-
dial ones, from outer circumferential channels to the circu
lar channel in the drift tube. Such cooling scheme is fore-
seen for high accelerating gradieft7 ~ 14.5MV/m
PPA accelerating céies.

3 CDS CAVITIES

Two types of the CDS cavities are considered now for th
TESLA PPA. The firsh one is a single cavity with a rf drive
in the midle (to be driven from 10 MW TESLA Klystron).
Such cavities are in a short (11 cell$yT ~ 14.5MV/m)
and a longer (37 cellsy) 1" ~ 8.5M V//m) options.

If, due to the focusing scheme, we cannot use long caviti
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Figure 5. The CDS cavity with the Rectangular Directly

Coupled Bridge cavity.

driving waveguide is attached to the narrow wall in the
RDCB middle point, matching th&{, component of
the TE1o wave in the WR650 waveguide with thé,
component of thd E1ox RDCB mode.

Due to the enlarged coupling. in CDS, tolerances for
all accelerating cell dimension are relaxed in comparison

the cavity should be broken in twaccelerating sections

€% oCs structures and values #{50 = 80)um are rea-

daf . | hould baakd b . sonable. For the length of the coupling cell the deviations
and a focusing element should baged between sections. gpq 14 be smallee=(15 + 25)um. The fabrication of

To combine sgctions into a joint reso_nant s_ystem a_nd dri\fﬁe CDS structure is cheaper, in comparison to other SW
them from a single rf source, a coupling bridge cavity MaY%irctures, due to the CDS simplicity and the relaxed

be used. tolerances. The tuning procedure for the CDS structure

Comparing the well known cylindrical bridge cavities anqN
Rectangular Directly Coupled Bridges (RDCB) and taking
into account that RDCBs have a better mode separation
with smaller rf losses, a smaller transverse dimensions,
a flexible tuning of the rf field between CDS sections, a
simpler manufacturing and tuning procedure, the RDCBg1)
look more preferable to maintain features of the CDS
structure as easy-to-do low-cost ones.

as developed and described in [3].
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