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Abstract

Our 6 MeV medical C-band accelerating structure uses
a disk-stacked method, in which multiple oxygen-free cop-
per components are stacked along the beam axis. Because
the side-coupled (SC) re-entrant structure has a complex
shape and many components, manufacturing efficiency is
limited. In contrast, the longitudinally-split method divides
the structure along a plane including the beam axis, typi-
cally into two halves or four quadrants, thereby reducing
the number of components. Based on development experi-
ence of the quadrant-type X-band accelerating structures in
the CLIC project, we have been developing a compact,
high-gradient, high-shunt impedance SC-type C-band ac-
celerating structure using this concept. In previous work,
we reported fabrication of the full-scale structure, low-
power RF test result, and preliminary first beam accelera-
tion test limited by the available test facility. This papesn
reports recent progress, including RF conditioning and a
high-power beam test under actual operating conditiofs.

INTRODUCTION
Background and Objectives

Compactness, high accelerating gradient, and improved
manufacturability are increasingly required fon‘medical
and industrial electron accelerators. Our gonventional
6 MeV SC-type C-band accelerating structure uses a disk;
stacked method, which requires many parts and a complex
brazing processs

A longitadinally-split, concept, also called herizontal
split, has been studied for high-gradient accelerating struc-
turesq[1,2]. In this approach, the cavity is divided along a
plane including the beam axis and‘machined as integrated
halves, reducing partc€ount and simplifying fabrication and
assembly.

Based“on this' concept, we developed a longitudinally-
split SC-type C-band accelerating structure to simplify fab-
rication and assembly while maintaining performance
comparable to that of the conventional structure.

Overview of the SC-Type C-band Structure

Table 1 summarizes the main specifications, and Fig. 1
compares the conventional and longitudinally-split config-
urations.

The developed structure consists of a buncher section,
accelerating cells, coupling cells, waveguide, and vacuum
piping, with a total length of approximately 300 mm. To
improve manufacturability while maintaining RF perfor-
mance, the accelerating cells adopt a nose-cone geometry
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under a pending patent application (RCT/JP2023/023388).
In addition, the coupling cells are arrangéd on one side of
the beam axis to improve material utilization efficiency,
compared with a layout in which they are placed on both
sides.

The number of component§ was teduced from 59,in the
conventional structure to /25 in the“longitudinally-split
structure, and the brazihg \process was simplified from a
two-step(to a one-step procedure.

Table 1: Outline of the' SC-Type C-Band Structure

Item Value
Frequency 5714%0.5 MHz
Coupling 14~2.0
Beam energy 6 MeV

Beam current > 75 mA
Beam Transmittance > 40 %

Beam diameter 1.5 ~2.0 mm

Vacuum piping

Buncher cells ‘

Regular cells,

* 39 parts Coupling cells

¢ 2-step brazing

—

Waveguide ‘

|

Regular cells,
Coupling cells

(b) Longitudinally-split method

Figure 1: Structural comparison of SC-type C-band accel-
erating structures.



FULL-SCALE PROTOTYPE

A full-scale prototype was fabricated for the beam tests
under actual operating conditions. The prototype was as-
sembled with a buncher, target, electron gun, RF window,
vacuum components, and an ion pump. The design details
of the full-scale prototype are described in [3,5], and its
manufacturability evaluation is reported in [4].

The measured unloaded Q (Qo) was 10006, in good
agreement with the simulated value of 10087. The meas-
ured operating frequency was 5713.53 MHz, satisfying the
target specification of 5714 0.5 MHz. Figure 2 shows the
bead-pull measurement result. The measured electric-field
profile also agreed well with the simulation, confirming
that the full-scale prototype provided RF characteristics
suitable for beam testing.
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Figure 2: Bead-pull measurement result.

DEMONSTRATION TESTS IN THE
ACTUAL OPERATING ENVIRONMENT

Beam Test Results

Figure 3 shows the configuration ofithe beam test system
under actual operating conditions. An X-ray detector was
placed 880 mm downstream¢of the ‘target<for dose-rate
measurement. Additional beam tests were carried out, fol-
lowing the previous,studi€s)[6,7], using the currently avail-
able test facility to evaluate the full-scale longitudinally-
split struéture under the maximum achievable operating
conditions.
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tions.

The measurement results are summarized in Table 2. In
the present test, the input RF power reached approximately
2.8 MW at a pulse width of 4 ps and a repetition rate of
280 pps. Under these conditions, a gun current of 124 mA
and a target current of 72 mA were obtained, corresponding
to a beam transmission of 58.1%. In addition, the measured
dose rate was 649.8 cGy/min, achieving the target value of
646 cGy/min. These results indicate that the full-scale pro-
totype achieved beam acceleration performance compara-
ble to the target values.

Table 2: Beam Test Results

Item Test result Target perfor-
mance

Pulse width 4 us 4 us

Pulse répetition 280 pps 390'pps

Input RF power Approx.2.88MW  Approx.3 MW

Gun current 124 mA 120 mA

Target current < 72:mA 75 mA

Transmission 581 % > 40 %

Dose rate 649.8 cGy/min 646 cGy/min

Conditioning\Histories

Figure 4, compares the RF conditioning histories of the
longitudinally-splitand conventional structures. The upper
panel shows an expanded view of the low-pulse region, and
the lower/panel shows the higher-pulse region. To clarify
the effect of the peak surface electric field, estimated nor-
malized peak-field trends are also overlaid.
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Figure 4: Comparison of RF conditioning histories of the
conventional and longitudinally-split structures.



The difference remained small below the peak-field
level corresponding to approximately 3 MW in the conven-
tional structure. Above this level, the accumulated pulse
count increased more rapidly for the split structure, and
achieving approximately 3 MW required more than three
times as many pulses. This indicates that the additional
conditioning demand was concentrated in the high-field re-
gion.

Possible contributing factors to the prolonged condition-
ing process include the following:

e Higher peak surface electric field: The cavity shape
was designed to maintain shunt impedance compara-
ble to that of the conventional structure while ensuring
manufacturability by machining. As a result, the peak
surface electric field is approximately 35% higher
than that of the conventional design.

e Rougher inner surfaces due to the different machining
method: In the regular cells, the machining process
was changed from ultra-precision turning to five-axis
machining, which may produce rougher inner sur-
faces, enhance local electric fields, and increase the
number of discharge events required for stabilization.

e Gas retention and local non-uniformity associated
with narrow gaps along the split interface: These nar-
row gaps may create poorly pumped regions, and
brazing filler flow into them may introduce local ge6-
metric non-uniformity.

Although these factors are possible contributors, the root

cause of the prolonged conditioning process hds not yet
been identified.

INTERNAL INSPECTION

After the beam tests, internal inspection was cafried out
using a borescope. Because of the limited accessibility of
the borescope, only a limitedgortion of theayity interior
could be observed. Figure 5 shows noteworthy observation
by the borescopes

Detail B

fNose corn
View A

Detail C

Figure 5: Noteworthy observation by the borescope.

In View A, multiple craters were observed on the nose
region of Cell 13, which corresponds to a relatively high-
field area in the field analysis. In Details B and C, a black
trace, likely beam-related, was found in the beam hole be-
tween Cells 05 and 07.

At this stage, it is still unclear whether these observations
are specific to the longitudinally-split structure or are in-
fluenced by the present test history and inspection limita-
tions. Detailed investigation after sectioning is planned in
order to identify the damage mechanismsand their relation
to the prolonged conditioning process.

MANUFACTURING ADVANTAGES

Compared with the conventional disksstacked structure,
the longitudinally-split structure simplifies the overall'fab-
rication and assembly flow: by reducing the need forultra-
precisionmachining and enabling a simpler stép-brazing
process with fewer parts.

In the present prototype, ‘the split design was applied
only to the regularcells. Even inthisilimited configuration,
the reduéed part count simplified brazing and assembly.
Further simplification 18, expected if'the same concept is
exténded to the buncher cells.

Therefore, from a manufacturing viewpoint, the pro-
posed structure offers clear-advantages. However, a com-
prehensive evaluation should include not only the benefits
in fabrication andyassembly but also the burden associated
with the prelonged conditioning process.

CONCLUSION AND FUTURE WORK

Conclusion

A“longitudinally-split SC-type C-band accelerating
structure was developed. Beam tests showed performance
comparable to the nominal operation of a conventional
6 MeV=class structure. However, the split structure re-
quired more than three times the accumulated number of
pulses to reach approximately 3 MW. Borescope inspection
revealed internal features, although their relation to the
split structure requires further analysis. The structure nev-
ertheless showed clear manufacturing advantages.

Future Work

Future work will focus on detailed internal observation
after sectioning, analysis of the cause of the prolonged RF
conditioning, and feedback of the results into the design
and fabrication process. In parallel, the relation between
the observed internal features and the conditioning behav-
ior will be further investigated.
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