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The Compact Linear Collider (CLIC) main linac uses waveguide damped structure as its baseline design.
The current baseline structure design written in the CLIC Conceptual Design Report is named “CLIC-G.”
Recent activities on the CLIC-G design including high power tests on structure prototypes and the study of
machining cost assessment had raised the need of reoptimizing the structure design to minimize the
machining cost and the pulse surface temperature rise. This work presents optimization of the structure
geometry, high-order-mode (HOM) damping loads and the design of a HOM-free power splitter for the
input coupler. Compared to the current baseline design CLIC-G, the new structure design reduced the pulse
surface temperature rise, input power and manufacturing cost and achieves better suppression to the long
range transverse wakefield. Cell disks and damping loads for the new structure design are also more

compact than those of the CLIC-G design.
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I. INTRODUCTION

Waveguide damped structure is studied as the baseline
accelerating structure design for the Compact Linear
Collider (CLIC) main linac [1]. As shown in Fig. 1, a
regular cell of the structure has four waveguides with
damping loads inside to damp unwanted high order modes
(HOMs) in order to preserve the beam stability in multiple
bunch operation. These waveguides are dimensioned to cut
off the fundamental working frequency in order to prevent
the degradation of the fundamental mode Q-factor. The
current structure design described in the CLIC Conceptual
Design Report (CDR) [2] is named “CLIC-G.” It operates
at 11.994 GHz in 27/3 modes at an accelerating gradient of
100 MV/m. The one structure unit is about 250 mm long
with 26 regular cells plus two compact couplers. The
detailed parameters are introduced in [3]. Other structures
with HOM suppression are also studied as alternative
designs of the CLIC main linac [4,5].

Due to the importance of the long-range transverse
wakefield suppression in the CLIC main linac, an exper-
imental verification in this aspect of the CLIC-G design
had been carried out in the FACET facility [6]. Figure 2
shows the measured results together with GDFIDL [7]
simulations on the same structure [8]. The transverse
wakefield measured at the position of the second bunch
was 5 V/pC/m/mm, which verified the long-range wake-
field suppression of the CLIC-G design. The excellent
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agreement between simulations and measurements as
demonstrated in the plots gives us confidence in the
accuracy of the wakefield simulation codes. This is
important for the design work described below where all
improvements made on the structure and HOM damping
load design are based on simulations.

High power tests of CLIC structures have been under
way at several test stands at CERN and KEK [9-17]. The
results are summarized in Fig. 3 [18]. Recent tests show
that the unloaded gradient achieved in the CLIC-G proto-
type structure for the CLIC effective pulse length (180 ns)
and required breakdown rate (3 x 10~ per meter structure
per pulse) is 96 MV /m. The corresponding loaded gradient
would be about 80 MV/m. The highest gradient demon-
strated so far is 120 MV/m which was achieved in an
undamped structure with 24 cells with an iris geometry
identical to the CLIC-G design. Generally speaking, the
gradients achieved in damped CLIC structures were lower
than those of undamped ones. One possible explanation is

FIG. 1. One cell of waveguide damped structure.
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FIG. 2. Results of wakefield measurements.

that the pulse surface temperature rise of the damped
structures is about 50 K, 2 times higher than that of
undamped structure for the 100 MV /m loaded gradient.

Assessment of the machining cost of the CLIC-G
structure was also studied [19]. The cost model shows that
a structure cell with the larger rounding will significantly
reduce the manufacturing cost. Changing the rounding in
the geometry will also have the impact on the structure
design in the aspect of surface field and wakefield sup-
pression, which results in a new structure design. This
study, together with the high power tests for the CLIC-G
structure, had raised the need for reoptimizing the structure
geometry to minimize the machining cost and the surface
magnetic field. The detailed work of optimizing the
structure geometry is described in Secs. II and III.

In order to accomplish the new structure design with
a full HOM damping scheme, the geometry of damping
loads was optimized and details are introduced in Sec. IV.
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FIG. 3. High power tests on CLIC accelerating structure

prototypes (the legend item is Name of structure—Place of
fabrication—Place of high power test, BDR is the breakdown
rate, E, is accelerating gradient) [18].
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FIG. 4. Pulse surface heating calculation in CLIC accelerating
structures.

A special rf power splitter based on a Magic-T geometry
was designed to split the input power for the double feeding
scheme as well as suppress the dipolar wakefield excited in
the input coupler cell, which is introduced in Sec. V.

II. GEOMETRY OPTIMIZATION OF
WAVEGUIDE DAMPED CELLS

A. New wall geometry

Pulsed surface heating in the accelerating structure is one
of the main limitations for achieving high accelerating
gradient [20-22]. It causes the damage to the wall surface,
especially the bonding joint points. A scanning electron
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FIG. 5. (a) Magnetic field distribution in the middle cell of
CLIC baseline accelerating structure (1/8 view); (b) curvature of
the wall profile.

111003-2



DESIGN AND OPTIMIZATION OF COMPACT ...

PHYS. REV. ACCEL. BEAMS 19, 111003 (2016)

microscope (SEM) was used to observe the breakdown
points in the surface of CLIC-G structure cells [23].
Appearances of breakdown points showed a strong
dependence on the surface pulse temperature rise accord-
ing to SEM studies. Consequently, reducing the pulsed
surface heating in the CLIC-G structure is one of the main
objectives in this work.

The surface pulse heating is dependent on the material
property, rf frequency, and the surface magnetic. The
heating is accumulating in the rf pulse and the temperature
rise is calculated by the rf pulse shape as described in [24]
[page 98, Eq. (3-36)]. The input power pulse shape of the
CLIC design is plotted in Fig. 4. Two ramping periods with
different slope in the pulse shape is the dedicate design for
beam loading compensation [25,26]. The maximum tem-
perature rise is at the end of the flattop in the rf pulse, as
seen in Fig. 4.
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FIG. 6. (a) New proposed profile based on fourth order
polynomial function (1/8 view). (b) Magnetic field distribution
in the middle cell of CLIC accelerating structure with new
proposed profile (1/8 view). (¢) Curvature of the new proposed
wall profile.

As shown in Fig. 5(a), the high magnetic field of the
waveguide damped cell is concentrated at the cell wall. The
profile of the cell wall in the CLIC-G design is a quarter of
the elliptical arc plus a straight line, as seen in Fig. 6. This
elliptical wall geometry had been optimized to have a
flattened magnetic field distribution along the wall profile
line to avoid the hot spot on the wall. However, two bumps
can still be seen from the plot. The enhancement of
magnetic field at the two bumps is due to the mutation
of curvature in the profile line, as seen in Fig. 5(b).

The wall geometry could be improved and the bumps
removed from the field distribution. A fourth order poly-
nomial function based profile was proposed, as shown in
Fig. 6(a). The shape of this proposed polynomial profile and
the old elliptical one are roughly similar to each other. The
main improvement of this polynomial profile is near the
conjunction point of cavity and waveguide, where about
20 pym discrepancy is presented between two curves
(machining accuracy is about 2 ym). The polynomial curve
has a smoother curvature change compared to the elliptical
one as seen in Figs. 5(a) and 6(c). The magnetic field
distribution of both wall profiles for the middle cell of the
baseline design were simulated by a high frequency electro-
magnetic field calculation code (HFSS) [27] and are plotted
in Fig. 6(b). The polynomial function based design decreases
the maximum magnetic field by 2%, which corresponds
~2 K temperature reduction to the pulse surface heating.

B. Rounding and waveguide geometry

Milling is the main process in the machining of CLIC
accelerating structures. An arc shape is usually employed in
the milling head cutter in order to avoid a sharp edge and
protect the cutter. During the milling process, the cutter
leaves arc-shape ridges on the metal surface which intro-
duce roughness on the structure surface (as seen in Fig. 7).
The height of the ridge is determined by the milling step
and the radius of the arc shape in the milling cutter, as
expressed in the formula in Fig. 7. A small cutter radius
requires a finer milling interval which consumes more
machining time and cost, in order to meet the same surface
roughness specifications.

Milling cutter

h: Height of milling ridges
(surface flatness)

R: Radius of cutter (rounding)
d: Width of cutter flat top

Pr— L: milling interval
: ¢ L~V8Rh+d
h Metallic surface
L
FIG. 7. Surface flatness and rounding in the milling process.
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FIG. 8. Geometrical parameters in one structure cell related to
the rounding study.

The cutter radius is limited by the minimum rounding in
the structure as shown in Fig. 8. Thus increasing the
rounding of the cell structure can reduce the machining
cost. However, the larger rounding reduces the cross-section
area of the waveguide and consequently the coupling of the
HOM fields into the waveguides. In this case, damping
waveguides with larger width and opening are needed for
structure cells to maintain same wakefield suppression.
However, increasing waveguide dimensions results in a
higher surface magnetic field. Thus, a comprehensive study
was necessary for the selection of the rounding.

Among all the geometrical parameters (rounding radius,
waveguide width and waveguide opening) related to the
rounding study, the width of the waveguide opening had the
most significant impact on both the wakefield suppression
and the surface magnetic field. The strategy in the opti-
mization was to first determine the waveguide opening for
different rounding and waveguide widths. When the wave-
guide opening is larger, the wakefield suppression goes
stronger but the surface magnetic field goes higher. In order
to minimize the surface magnetic field, the value of
waveguide opening was as small as to keep the wakefield
suppression the same level as the baseline CLIC-G design,
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FIG. 10. Machining cost and pulsed surface heating versus
rounding.

which is given by GDFIDL simulations of the long-range
transverse wakefield in the tapered CLIC-G structure. With
these minimum waveguide openings, HFSS simulations
of the CLIC-G middle cell with different rounding and
waveguide widths were carried out. The plot of maximum
surface magnetic field versus rounding and waveguide
width are shown in Fig. 9. As seen in the plots, the optimum
waveguide width is around 10-10.3 mm for all roundings.
A plot of machining cost reduction [19] and reduction of
the pulsed surface heating temperature rise versus rounding
is shown in Fig. 10. The temperature rise was calculated
from the solutions with optimum waveguide width. Due to
the optimization of the wall profile and waveguide width,
the temperature rise of the solution with 0.5 mm rounding is
lower than that of CLIC-G, leaving margin to increase the
rounding. We chose the 1 mm rounding design (corre-
sponding optimum waveguide width: 10.1 mm) for its
significant reduction both on cost and temperature rise.

III. FULL TAPERED STRUCTURE DESIGN

A. From single cell to the tapered structure

The baseline CLIC-G design has 26 regular cells and
two compact coupler cells as shown in Fig. 11. The iris
apertures in the design range from 3.15 to 2.35 mm. The
average value and tapering of the iris aperture was
determined by the global optimization [28] which consid-
ered the short range wakefield [29], shunt impedance, etc.

Regular cells
A

Output coupler

Inpxut coupler
/4

First cell: Aperture tapering Last cell:
3.15 mm —_— 2.35 mm
FIG. 11. Sketch of CLIC accelerating structure.

111003-4



DESIGN AND OPTIMIZATION OF COMPACT ...

PHYS. REV. ACCEL. BEAMS 19, 111003 (2016)

The iris profiles have been optimized to minimize the
surface electric field and the modified Poynting vector Sc
[30]. This iris geometry is already well designed and will
not be changed in the new design.

The optimizations introduced in Sec. II were for the
middle cell of the CLIC structure. These optimizations
should be extended to all other cells in order to get the full
tapered structure design. Dimensions in the wall profile
were individually optimized for each cell to get flattened
distributions of magnetic field. The optimization of round-
ing (I mm), waveguide width (10.1 mm) and waveguide
openings (8.14 mm) were the same for all the cells.

In the baseline CLIC-G design, the upstream cell has the
highest point for the pulse temperature rises, as seen in
Ref. [3]. Due to the dependency of the surface magnetic
field on the waveguide opening width, the temperature rise
of upstream cells could be decreased by reducing the
waveguide openings. Meanwhile, the waveguide openings
of downstream cells were increased to compensate the
weakening of wakefield suppression in upstream cells.
Figure 12 shows the tapering on the waveguide openings
versus the change of temperature rises. A quadratic
function based tapering on the waveguide openings was
selected and the maximum temperature rise decreases
by 2 K.

B. Design of input and output couplers

The baseline CLIC-G design uses similar geometry of
regular cells in the design of the input and output couplers,
as shown in Fig. 13. This is called compact coupler design
which can also provide accelerating field and increase the
active acceleration length. Two of the waveguide branches
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FIG. 12. Tapering on waveguide openings and corresponding
temperature rise distributions.
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FIG. 13. Geometry of compact coupler cell.

(damping waveguides) in compact coupler cells use the
same geometry as that of the nearest regular cell: dimen-
sions of damping waveguides in the input coupler cell were
taken from the first regular cell; and dimensions of the
output cell were from the last regular cell. The other two
waveguide branches (coupling waveguides) in coupler cells
have larger waveguide widths (WR90 dimension) in order
to transmit the fundamental rf power.

The dimensions of the waveguide openings in the
coupling waveguides are adjusted to match the coupling
from WR90 waveguides to structure cells. The design
procedure was to match the output coupler first, otherwise
the reflection at the output coupler will disturb the tuning
and matching the upstream of the structure including the
input coupler. Reflection due to the mismatch in the output
coupler will cause a standing wave component in the
electrical field distribution of structure cells. As seen in
Fig. 14, the backward reflection at the output coupler is not
the same as the port reflection coefficiency S,, due to both
the structure tapering and the finite conductivity of the
structure wall. This backward reflection could be only
calculated by the amplitude of frontward and backward
wave analyzed from the field distribution of downstream
cells, as expressed in the equation below:

Port reflection at
output coupler: S,,

Port reflection at
input coupler: S

Input power

Backward reflection
at output coupler

T T T T T T % 6I5E

\llllllllllllT
Output coupler

Input coupler

FIG. 14. Reflection in the output coupler.
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FIG. 15. Port-reflection of new CLIC-G tapered structure
(HFSS simulations).

El =da + b
E2 — aej(/’ + be*j(/'

E; = ae?? + be ¢

b ur—4—vp

T Ve
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FIG. 16. Electrical accelerating field distribution on the beam
axis of the new CLIC-G tapered structure: (a) in the complex
plane; (b) magnitude.

TABLE 1. Structure parameters of CLIC-Gx design. The
parameters of CLIC-G inside the braces are given in [2], outside
are recalculated in latest HFSS version.

CLIC-G CLIC-Gx
Rounding [mm)] 0.5 1.0
Manufacturing cost reduction e 7%
Shunt impedance [M€2/m] 92.0 954
Peak input power [MW] 63.5 62.3
rf to beam efficiency 27.8% 28.4%
Filling time [ns] 67 66
Maximum electric field [MV/m] 239 (230) 235
Maximum Sc¢ [MW/mm?] 5.65 5.54
Maximum temperature rise [K] 50 (46) 40

The reflection due to the mismatch in the input coupler
could be directly exanimated by the port reflection coef-
ficiency S|, in the coupling waveguides if the downstream
of the structure is good matched. Dimensions of both
output and input coupler cells were carefully tuned in HFSS
simulations [31]. The reflection of input coupler is less
than —50 dB as seen in Fig. 15. According to Eq. (1), the
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FIG. 17. (a) Distribution of rf parameters (red: accelerating
gradient; blue: pulse temperature rise; green: maximum surface
electrical field; magenta: maximum modified pointing vector
[30]; dashed lines for unloaded 100 MV/m and solid lines for
loaded 100 MV /m) along the CLIC-Gx structure cells. (b) Sim-
ulation results of transverse wakefield in the old baseline CLIC-G
and new CLIC-Gsx structures (enveloped value).
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backward reflection at the output coupler was calculated by
field distribution shown in Fig. 15 and is also less than
—50 dB. Figure 16 shows a flat field distribution which
indicates that the structure geometry is already well tuned.

C. Parameters of the new structure design

The newly optimized design integrates all the features
introduced above and was named “CLIC-Gx.” The serial
alphabet “G” keeps the same since the new design does not
change the iris parameters. The detailed parameters are
listed in Table I. Distributions of rf parameters on cells were
calculated by the algorithm developed in [32] and are
plotted in Fig. 17(a).

Compared to the old CLIC-G design, this new design
reduces the temperature rise from 50 to 40 K. The estimated
cost is reduced by 7% and the power consumption is | MW
lower due to the higher shunt impedance of structure
cells. The simulated wakefield (enveloped value) of the
new design is shown in Fig. 17(b) and is compared to the
CLIC-G design from the CDR [3]. The attenuation of two
curves is similar to each other. The wakefield potential of
the new design at the positon of the second bunch (0.15 m)
is 2 V/pC/m/mm, as required by beam dynamics.

IV. HOM DAMPING LOAD DESIGN

The beam dynamics study for the CLIC main linac
indicates that the transverse wakefield kick of a bunch
on the following bunch must be suppressed to less than
6.6 V/pC/m/mm, in order to maintain the beam stability
in the main linac [33,34]. The peak value of the excited
transverse wakefield is about 250 V/pC/m/mm.
Therefore the wakefield kick should be suppressed by
nearly 2 orders of magnitude between one bunch separa-
tion (0.5 ns). In order to meet this criteria, HOM damping
loads in the structure cells should provide strong absorp-
tion to all major dipole modes with their frequencies
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FIG. 18. Material properties of the HOM damping load.

HOM damping load

Tapered
section

vity to load
Tip
FIG. 19. Geometry of a HOMs damping load.

ranged from 15 to 45 GHz. The design of HOM damping
loads was verified by the GDFIDL simulations on a
CLIC-Gx structure assembled together with these loads.

A silicon carbide material named “EkaSiC-P” is used as
a reference for the design of the damping load. The
measured data of the permittivity and the loss tangent of
“EkaSiC-P” are shown in Fig. 18 [35]. Parametrized data
on the permittivity and the dielectric loss tangent for this
material in the GDFIDL simulations are also shown. The
geometry of loads was designed as a smooth tapered box as
shown in Fig. 19. The tip in the geometry has a small cross-
section area in order to reduce the reflection from the tip
and the design of the smooth tapered section is to achieve
strong and broadband absorption.

HOM loads are placed in the damping waveguides of the
CLIC accelerating structure cell. Though the frequency of
the fundamental working mode is under cutoff in the
waveguides, there is still a small fraction of the funda-
mental mode rf power penetrating in the waveguide and
which is then absorbed by loads. Since the field of the
working mode is exponentially decaying versus the depth
in the waveguide, a certain distance from the load to the
central cavity is needed to reduce power dissipation in loads
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FIG. 20. Power dissipation in the damping load of working
frequency (0 dB = power dissipation in the cell wall) versus the
distance from the cavity central to the load and the waveguide width.
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as shown in Figs. 19 and 20. In the baseline CLIC-G
design, this distance is 5 cm and the length of the load is
4 cm. The overall cell diameter is 20 cm. The estimated
peak absorbed power of the working mode at one load is
about 50 W. The average power dissipation at one HOM
load is 0.6 mW for 50 Hz repetition rate and 240 ns
pulse width.

The new CLIC-Gx* accelerating structure design has a
narrower waveguide width (10.1 mm) than the baseline
design (11 mm). The distance between damping loads and
the cavity of the new design can be shorter since the decay
of the working mode is stronger. The geometry of the HOM
load is reoptimized to fit the beam dynamic requirements.
As shown in Fig. 21(a), the length of the HOM load for the
new design is 4.4 cm, a bit longer than the baseline design.
This is because that length of smooth tapered section needs
to be matched with the propagating wavelength of the
HOM, which becomes longer for a smaller waveguide
width.

The overall cell diameter of the new design is 17 cm,
shorter than the old CLIC-G design (20 cm) but still rather
large for manufacturing. Two more compact designs as
shown in Figs. 21(b) and 21(c) are proposed in order to
reduce the manufacturing cost. These designs used shorter
damping loads, which cause significant reflection of HOMs
and weaken the wakefield suppression. The reflection can be
compensated by changing the geometry in the damping
waveguide: either added matching step on the side wall of
the waveguide or made bended waveguides. Another poten-
tial advantage for the bended waveguides is reducing the
amounts of manifolds (for vacuum pumping) from four to
only two. Both matching ways could achieve the compact
cell design and the dimensions are shown in Fig. 18.

(a) (b)

FIG. 21. Three designs of damping loads for new CLIC-G
structure: (a) regular waveguides; (b) waveguides with matching
step; (c) bended waveguides.
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FIG. 22. Wakefield of all designs in two difference scales:
(a) wakefield at the nearby position of the second bunch; (b) log-
scale enveloped wakefield plot from 0 to 1 meter.

The wakefield results for three designs are shown
in Fig. 21. Two different scales are plotted. The plot in
Fig. 22(a) is the wakefield value at the position of the
second following bunch (0.15 m). Due to the cancellation
of the reflections from loads and from the waveguide, the
transverse wakefield kick amplitude at the position of the
second bunch for the new structure design with all three
HOM damping load schemes is smaller than that of the old
CLIC-G design.

Three factors F.., F iy, and F. are listed in Table II to
state the overall effect of transverse wakefield on the beam
bunches for all designs. These factors give the amplifica-
tion of transverse beam jitter in the main linac due to the
long range transverse wakefield in three different ways and
details are introduced in [34]. Given by the numbers listed
in Table II, the new CLIC-Gx structure and corresponding
HOM damping load designs show better overall wakefield

TABLE II. Transverse beam jitter amplification factors in
wakefield suppression of all structure designs.

DeSIgn FC Frms FWOI’St
Old baseline CLIC-G 1.07 39 15.6
CLIC-G* with regular waveguides 1.02 1.1 29
CLIC-Gx with stepped waveguides 1.02 1.2 2.7
CLIC-G* with bended waveguides 1.03 1.5 6.3
Beam dynamics requirement <5
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FIG. 23. Wakefield suppression for rf loads (F,.,) versus
various material properties (¢': real part of permittivity; &
imaginary part of permittivity).

suppression than that of the old baseline design, which can
increase the luminosity.

It is necessary to check the dependence of wakefield
suppression on variation of the permittivity and the loss
tangent of the SiC material, since material properties may
vary from one manufacturing batch to another and mea-
surements on material properties may be not accurate.
Wakefield simulation of new CLIC-G structure (regular
waveguide) with the HOM loads with same geometries but
various material properties were carried out. The simulation
swept the real ¢ and imaginary part &’ of the damping
material in the range from 80% to 300% of the original
value and properties of many silicon carbide materials used
for rf absorber are in this range [36-38]. As shown in
Fig. 23, the simulated wakefield suppression of all points is
far better than the requirements (F,, < 5). These simu-
lation results prove that the design of this geometry for the
damping loads in Fig. 19 is applicable for a quite large
range of the material properties.

V. HOM-FREE INPUT POWER COUPLER

The geometry of input and output coupler cells is similar
to those of regular cells (see Fig. 13). Unlike regular cells
and output coupler cell, two power coupling waveguide
branches of the input coupler cell are not terminated by
HOM damping loads. As shown in Fig. 24, a power splitter
is connected to the coupling waveguides for the double-
feeding coupler scheme. The excited dipolar wakefield in
the input coupler will transmit through the coupling
waveguide branches and will reach the power splitter.
Figure 25(a) shows the simulated transverse wakefield in
two cases: the power splitter fully absorbs all HOMs or
reflects all HOMs. The discrepancy of wakefields in these
two cases shows the amplitude of reflected transverse
wakefield at the power splitter is at the level of
3 V/(pCmmm). It causes a non-negligible increase in
F-factors as shown in Fig. 25(b). The suppression of this

RF power

{

Need a power
splitter here

Output coupler

Go to high power
damping loads

FIG. 24. Power coupling circuit of CLIC accelerating structure.

reflected wakefield is needed. A major dipole mode with
the frequency of 17 GHz dominates the reflected wakefield,
as shown in the wakefield spectrum in Fig. 25(b).
Consequently, a special design of the power splitter is
needed to reduce its reflection of 17 GHz.

As shown in Fig. 26, the power splitter should split the
working frequency to two waveguide branches at the same
phases and absorb dipolar wakefields from two branches
with 180-degree phase differences. Magic-T is the perfect
solution to this requirement and such a design can suppress
the unwanted HOMs and is named HOMagic-T. Ports #2

(@) k
= 4 —— Splitter fully absorbs wakefield
E — Splitter fully reflects wakefield
1S
O 2
=
=
o H
Q
J
2 -2
0.5 1 15 2 2.5
Spacing [m]
(b) 4
T —— Splitter fully absorbs wakefield
a 3 — Splitter fully reflects wakefield
C 3l
E fully | fully
g 2f reflect | absorb
@
F 1.05 |[1.01
< 1r 34 |11
= >100 [3.1
QIO 15 20 25 30 35 40
Freq [GHz]

FIG. 25. Transverse wakefield of new CLIC accelerating
structure with splitter absorbing or reflecting the dipolar wake-
field: (a) time domain (please note the horizontal scale starts not
from 0); (b) spectrum.
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@ . frequency . frequency

Coupling
wavegtide

Port

FIG. 26. Power coupling and HOM damping in (a) the coupler
cell and (b) the HOMagic-T.

and #3 of the HOMagic-T are connected to two waveguide
branches of the input coupler cell, port #1 is connected to
the power source and port #4 is terminated by a HOM
damping load to damp the dipolar wakefields.

The design of this HOMagic-T is difficult because the
WRO0 waveguide which is used here for transmitting
X-band rf power allows multiple waveguide modes (TE,
TE,,, TE(;, TE ;) of the major dipole band (17 GHz) to
propagate. The final geometry design is shown in Fig. 27
after careful optimization. A step geometry in the central
part of the Magic-T is used to reduce the mismatch of

Port

Bottom well Matching step

FIG.27. Geometry of the special HOMagic-T design (top: view
of vacuum part; bottom: view of metal part).
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FIG. 28. Bandwidth of (a) the working frequency and (b) the

major dipole frequency in the Magic-T design.
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FIG. 29. Wakefield of the new CLIC-G accelerating structure

with the HOMagic-T design: (a) linear scale; (b) enveloped value
in log scale.
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splitting the working frequency, which can improve the
bandwidth of working frequency as well as reduce the
maximum surface field (peak surface electrical field =
37 MV/m for transmitting 62 MW power from port #1).
There is a well-like shape in the bottom part of the Magic-T,
which is used to keep the symmetry and suppress the TE,-
like waveguide propagating mode of the major dipole
band. The step located between Magic-T and branch 1#
is used to tune the frequency of trapped modes away from
the major dipole band. The matching iris in the branch #1 is
used to make a perfect match for working frequency.
Figure 28 shows the HFSS simulation results, where
subfigure (a) shows the bandwidth of working frequency
and subfigure (b) shows the reflection of major dipole band.

Wakefield simulation results of the new CLIC-G
structure with input coupler connecting this HOMagic-T
design is shown in Fig. 29 and are compared to those of
the input coupler terminated by prefect matched layer.
Three F-factors are also listed in the figures [compare to
Fig. 25(b)] and verified that this HOMagic-T design fit the
wakefield suppression requirements.

VI. CONCLUSION

Recent research on the CLIC-G baseline structure
including high power tests, wakefield measurements and
manufacturing studies has given the direction for further
optimization on the CLIC-G structure geometry. A fourth
order polynomial shape was proposed for the wall profile
of new CLIC-G structure cells instead of elliptical shape to
reduce the surface magnetic field. We increased the round-
ing of structure cells from 0.5 to 1 mm, in order to reduce
the total manufacturing cost. With the 1 mm rounding, we
reoptimized the waveguide geometry (new waveguide
width: 10.1 mm) to reduce the surface magnetic field.
The waveguide geometry (opening) is set individually for
each structure cell to avoid the appearance of hot cells in
terms of pulse temperature rise. With all of the above
improvements on the geometry employed, 10 K reduction
of maximum pulse temperature rise (allow 10% gradient
increasing if the pulse heating is the limit of achieving
higher gradient), 7% reduction of the manufacturing cost
and 1 MW reduction of the input power are achieved for the
new CLIC-G structure design.

The geometry of HOM damped load for the new CLIC-G
structure design was optimized to reduce transverse size of
the structure. Other than a uniform damping waveguide, a
new waveguide geometry with matching step and bended
waveguide was proposed to further reduce the diameter.
Wakefield suppression of the three proposed HOM load
designs is verified by GDFIDL simulations and the results
are even better than the old CLIC-G baseline design.

A special power splitter using HOMagic-T geometry
was designed for the double feed input coupler. This power
splitter could absorb the major dipole band (17 GHz)

excited in the coupler cell and meet the wakefield sup-
pression requirements in the new CLIC-G design.
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