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Abstract

The effect of the short-andlong-range wake fieléxcited

in the acceleratingstructures for the main linac of the

Inc., Toyosu 3-1-15, Koto-ku, Tokyo, Japan

these experimental studiese described inthe present
paper.

2 REQUIREMENTS

linear collider should be largelsuppressed to realize apegjgnandrequirements fothe linear collider,JLC, are
beamacceleratiorwithout asevereemittance growth. In yaogeribed inthe reference[1]. The mode spacing of the
order torealizethis suppression, tw@erformances ae nighermodeswith largest kickfactors is about 10MHz.
essentially important; proper frequency distributions of th‘?herefore, the frequency of those modes should be

highermodes inthe structureand agood cell alignment
along the structure. In order tealizetheseperformances,
we have been studying a high-precision machining
fabrication technologies ofletuned structure. Through
reviewing recent fabricatiostudies, wedescribeour fine

of frequencies and alignments of cells.

1 INTRODUCTION
In a main linac of lineacollider using a highfrequency

controlled with a precision of 1 MHz, thougtthis
precision should be satisfied only for relative frormade

another. Thetolerance of cell misalignment is
estimated assuming that a given number of @lsoffset

= by the same amount and such groups of cells are randomly
fabrication technologyndrelevant measurement methOd%Iistributedanng the whole

linac. Theeverest number
for the alignmenttolerance isabout um for the range

with number of cells from 1 to 20Table 1 below
summarizes some target values for our studydetuned

structure.

linear acceleratingstructures, the suppression of the
deterioration of the beam emittance due to single-bunchable.1 Requirementand parameters of testeddetuned
multi-bunch wake field is one of the key issues to obtaistructures.

a high luminosity.

Single-bunchwake field almost dependsupon the
average misalignment of theeceleratingcells in awhole
structure. On the othérand,multi-bunchwake field due
to higher modes in the structure depends on the

distribution of modal frequencies and kick factors of higher

modes in addition to the cell misalignment. In thalti-
bunch case, thestored energy ofthe modes is well
localized and thenisalignmentspreading over 2@ells or
S0 is very important.

We have been developingetuned structures to
establishX-band acceleratingtructure to meet thabove
requirements. The controlledharacteristics of higher
modes is obtained byapplying an ultra-precision
machining technology ofrecent years forthe cell
fabrication and keeping the precision through
following processes such as bonding. In additigaod

alignment isobtained byaligning such cells by pushing

them against @recise Vblock, becausahe concentricity
among outediameter, beanhole apertureand cell inner
surface is well realized automatically by thepresent
methodwithout re-chuckingwhile cutting therelevant
parts.

Two 1.3m-long detuned structures have kfabricated
so far. Afew dummy-cellstackingswere also performed
to study from mechanical viewoint. Resultshased on

the

number of cells 150
length 1.3m
outer diameter 80mm
beam hole diameter 7~11mm
frequency controllability 1MHz
cell alignment tolerance Bpm

3 CELL FREQUENCY MEASUREMENT

The cell frequencywas firstly measured by gplunger
method[2]. From the study, it wagoncludedthat the

frequency change due to such process as bonding could be

measuredwith a precision of 0.2 MHzHowever, the
position of plunger taepresenthe right frequency of a
cell is not welldetermined ashown in Fig. 2. In the
figure, the non-linearity of dwellingoint is plotted as
function of cell number. The beam haperture increases
from lower numbering cell to higher. Thdifference
changes rapidly especialynear low-numbered cells
becausethe power leakagethrough the coaxialspace
between plunger and bedmole is fairlylarge thereThis
situation is confirmed in a calculation based on a
scattering matrix formalism[3]. Thi¢arge difference in
diameter betweeplungerandbeam hole is inevitable for
the case ofdetunedstructurebecausehe aperturesize in
such structures naturallychanges significantly. For
example, the beam holaperture ofthe tested detuned



structure ranges from 7 to Ihm, while in thiscase we
used a plunger with diameter 5mm.

In order toescapefrom this systematideviation of
measurement values from th®ominal value, abead
perturbation method should be introducEd. 2 shows a
measurement result for one of thetunedstructureusing
metallic bead by S. Hanna[4].

In addition to the capability to measure such
accelerating mode, there is a possibility to appgpecial
bead offering a possibility to measure higher modes|[5].
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Figure: 1  Deviation of dwellingpoint from the

mechanical center of cells for a detuned structure.
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Figure: 2 Beadpull measurement for the sans&ucture
as the previous figure.

3 CELL ALIGNMENT

Since the structure isnadethrough a hightemperature
process of diffusion bonding, the structwan easily be

straightened after bonding if we have a good measurem
method of cell alignment. However, misalignment of cell

within a short length idifficult to correct by asmall
external bendindorce without perturbing theelectrical
characteristics otells. Thereforethe structure should be
made without such a short-length misalignment of cells.
The outerdiameter ofcells can easily be machined
using ultra-preciselathe within anaccuracybetter than
0.5um by keeping agood concentricitywith respect to
axis of the cell and the beam hole. Then,cagalign the
cells by pushing the cells againstgaod referenceline,
such as a precise V-block. The following processesuld
be performed without disturbing the alignment. We cite
diffusion bonding process at high temperature in a

vacuum furnace for such a cell bonding method. diner
diameter of the cells i80mm andthe number of cells is
150 so that the total length of the structurd.i@m. The
cells are stacked on a V-blocket at some anglendthen
pushing with an axial pressure. We carefuligasured the
alignment of cells inreachfabrication stage to study the
mechanism to deteriorate the cell alignment.

3.1 Method of cell alignment measurement

One of the configurations we took for the measurement of
the cell alignment is shown ifig. 3. Two capacitive
sensorsaresitting on alinear guidemechanismand are
facing to the outediameter of eacltell with a gap of
about 0.1mm inbetween. This gap isneasuredwith a
resolution of 0.Am. The relative movement ofiis gap

is the measure ofthe misalignment of the cell. The
transversemotion of the sensorcan be checked by
measuring the movement of Wollaston prism[6] which is
sitting in the same girder as the capacitive sensor.

Capacitive gap sensor

Detector
Support

Wollaston
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V-block

Linear Motio
Guide

Figure: 3 Cells arstacked on &-block. The alignment

of the cells are measured using the capacitive sensor at top
andside of acell. The position okach capacitive sensor
are calibrated bymeasuring the position of Wollaston
prism located onthe axis of therelevantsensor. The
capacitive sensorand prisms are set on a singlegirder
running parallel to the V-bloclguided by dinear-motion
guide rail.

The lines inFig. 4 shows theV-block straightness by
measuring oneylinder block sitting on thev-block and
shifting along it. Open circelsandtrianglesare those of

¢Blis stacked against V-block at 60° from horizontal

Eosition. It was found that the celtein be alignedvithin
5um or less with respect to V-block. It is alsotedthat
the cell-to-cell misalignment is well less thgmi.

The bonding wepplied is a diffusion bonding in a
vacuum furnace. The cells are stacked, compressed with an
axial force 0f40kg, rotated tovertical and suspended in a
furnace.The variation of cell alignmendue to rotation
from the stacked angle tearvertical wasmeasured. The
result is shown in Fig. 5. Asan be seen ithe figure,
the stacked cells are fairly unstable against such rotational
movement when the angle is larger than 80°. Thabih
fMovement is almost reversible, the mechanism should be
studied to confirm a reliable bonding.



10 T T hood. However, such acrcumferenceeasily contradicts
_ Cell_Horizontal to various fabrication processasd it might bebetter to
g ; V-block_Horizontal introduce a system which is nperturbedmuch with the
5 B [ circumference, as is proposed by Kiyono[7].
Se Recently, the authors are trying to assemhtkbond
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thinner structure. Thdetailedstudy on how thestacked
cells are positioned in a verticaposition and how the
bonding resulreflectsthe characteristicglue to previous
processes is an issue to $&iadiedseriously from now to
judge reasonabledimensions of the structurdrom

1-60 stack mechanical fabrication point of view.
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Figure: 4 Linesarethe straightness of V-blockOpen
symbols are position of cellsfter stacked on itvhich is
slanted at 60 deg7
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Figure: 6  Alignment measurement after diffusion
bonding. Five successive  measurementswere
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Figure: 5 Change of cell alignment due to rotation of the
stackedcell from horizontaltowards vertical position. 6 ACKNOWLEDGMENTS
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Fig. 6, for example. In the presensystem, this
requirement is satisfied by coverinige system with a



