| PAC 26 Prelimnary proceedings (edited version):

TUP7615

DESIGN, FABRICATION AND LOW-POWER MEASUREMENTS OF
AN X-BAND PARALLEL-COUPLED ACCELERATING STRUCTURE

Z. Huang, P. Huang, Y. Zhang, Y. Wei*, G. Feng
University of Science and Technology of China, Hefei, China

Abstract

This paper presents the design, fabrication and low-power
measurements of an X-band parallel-coupled accelerating
structure for short-pulse high-gradient applications. The
structure, consisting of 16 cells fed in parallel by a smooth-
waveguide network, is designed to operate under an input
pulse length of 50 ns. Aluminum and copper prototypes
were fabricated and cold-tested. The frequency deviation
for each cell is tuned using bead-pull method, showing good
agreement with the simulations.

INTRODUCTION

High-gradient RF accelerating structures are essential for
compact accelerator systems such as X-ray FELs and future
linear colliders. X-band technology enables gradients above
100 MV/m, but the breakdown rate strongly depends on both
gradient and RF pulse length [1]. Reducing the pulse length
is therefore critical for high-gradient operation [2].

Parallel-coupled accelerating structures provide an effec-
tive solution by distributing RF power directly to each cavity
instead of relying on inter-cell coupling [3-5], allowing short
filling time and flexible cavity design. In this paper, an X-
band parallel-coupled structure based on a SLAC-type feed-
ing topology is developed and experimentally tuned using
the bead-pull method.

RF DESIGN

The structure consists of a feeding network and 16 accel-
erating cells, as shown in Fig. 1. The feeding network is
formed by cascading 3-port smooth-waveguide T-junctions,
which distribute RF power with a s phase difference be-
tween adjacent ports to match the s7-mode operation.

Figure 1: The geometry of the parallel-coupled structure
with the coupler.

The regular cells adopt a racetrack-like geometry with a
small iris aperture of 1.3 mm to achieve weak power cou-
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Figure 2: The geometry of the regular accelerating cell.
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Figure 3: The normalized electric (a), magnetic (b) fields
and modified poynting vector S.. (c) of the regular cell.
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pling, as shown in Fig. 2. The electromagnetic field distribu-
tions of the regular cell is shown in Fig. 3. The parameters
of the structure is shown in Table 1. The overall coupling
coefficient is designed to be 4.8, corresponding to a filling
time of approximately 40 ns.

Under this condition, the transient accelerating field can
be approximately expressed as:
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where t; = 20/ w(1 + B ") is the filling time determined
by the coupling coefficient 8" of the full parallel-coupled
structure, which is defined by:
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where S, N are the coupling coefficient and number of
the regular cells.

The simulated on-axis field distribution is shown in Fig. 4.
It can be observed that the 1# and 16# cells should be tuned
a little due to the power coupling.



| PAC 26 Prelimnary proceedings (edited version):

Table 1: Parameters of the Parallel-Coupled Structure

Parameters Value  Unit
Operating frequency f 11424 GHz
The number of cells 16

Required input power 108 MW
Accelerating gradient 140 MV/m
Shunt impedance R; 1051 MQ/m
Quality factor Q 7930

Coupling coefficient g 1.66

Overall coupling coefficient g/ 4.78

Filling time t 40 ns
RF pulse length 7, 50 ns
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Figure 4: The simulated on-axis field distribution.

FABRICATION AND LOW-POWER TEST

Two prototypes have been fabricated: an aluminum pro-
totype for machining verification and a copper prototype for
tuning and subsequent high-power testing, as shown in Fig. 5.
All the measurements are conducted in a laboratory with
constant temperature and humidity, with an temperature of
21°C and a relative humidity of 40%. The structure is filled
with air during the measurement process.

The aluminum prototype has been measured by the bead-
pull method [6-8]. The results shows a good field flatness,
corresponding to machining errors below 5 pm, as shown in
Fig. 6.

The copper prototype has been brazed at high temper-
ature of 800 °C. Due to the relatively lower mechanical
rigidity compared to the aluminum alloy, multiple clamping
fixtures are employed during the brazing process to ensure
the bonding quality. As a result, the prototype experiences a
certain degree of deformation during machining, annealing
and brazing, as shown in Fig. 7. After preliminary tuning,
the bead-pull results are shown in Fig. 8.

After iterative tuning using the bead-pull method, the field
flatness is significantly improved, as shown in Fig. 9. And
the final S parameters are shown in Fig. 10, corresponding
to a coupling coefficient of 4, closely to the designed value.
These results satisfy the requirement of the high-power test
operating at short pulse.
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Figure 5: Aluminum and copper prototypes before brazing.
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Figure 6: The bead-pull result for the aluminum prototype.
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Figure 7: The bead-pull result for the copper prototype be-
fore tuning.
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Figure 8: The bead-pull result for the copper prototype after
preliminary tuning.
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Figure 9: The bead-pull result for the well-tuned copper
prototype.
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Figure 10: The S parameters for the well-tuned copper pro-
totype.
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CONCLUSION

An X-band parallel-coupled accelerating structure has
been designed, fabricated, and tested under low-power con-
dition. The aluminum and copper prototypes have been
measured by the proposed method and the copper prototype
has been well tuned using the bead-pull method other than
the metallic plunger. The results demonstrate the fabrica-
tion errors satisfy the tolerance requirements, demonstrating
the feasibility of this structure for short-pulse high-gradient
applications and provide a basis for future high-power tests.
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