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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 cell resonant frequencies
are corrected using the 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 cav-
ity 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
feeding topology [4] 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 𝜋 phase difference between
adjacent ports to match the 𝜋-mode operation.

Figure 1: The geometry of the parallel-coupled structure
with the coupler.
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Figure 2: The geometry of the regular accelerating cell.

Figure 3: The normalized electric (a), magnetic (b) fields
and modified poynting vector 𝑆𝑐 (c) of the regular cell.

The regular cells adopt a racetrack-like geometry with a
small iris aperture of 1.3 mm to achieve weak power cou-
pling, as shown in Fig. 2. The electromagnetic field distribu-
tions of the regular cell are shown in Fig. 3. The parameters
of the structure are shown in Table 1. The overall coupling
coefficient is designed to be 4.8, corresponding to a filling
time of approximately 40 ns. At a input pulse with a pulse
length of 50 ns and a power amplitude of 105.1 MW, the
structure can achieve a gradient of 140 MV/m in the transient
process (about 70% of the steady-state response).

Under this condition, the transient accelerating field can
be approximately expressed as:

𝐸𝑎𝑐𝑐 ∝ 2
√
𝛽′

1 + 𝛽′
(1 − 𝑒−𝑡/𝑡 𝑓 ) (1)

where 𝑡 𝑓 = 2𝑄0/𝜔(1 + 𝛽′) is the filling time determined
by the coupling coefficient 𝛽′ of the full parallel-coupled
structure, which is defined by:

𝛽′ = 2𝑁
1 − |𝑠33 |
1 + |𝑠33 |

𝛽 (2)

where 𝛽, 𝑁 are the coupling coefficient and number of the
regular cells for the single side. It should be noted that the



structure has a 2-way power divider shown in Fig. 1, so the
total number of the cells is 2𝑁 . In this work the value of N
is 8.

Table 1: Parameters of the Parallel-Coupled Structure

Parameters Value Unit
Operating frequency 𝑓 11.424 GHz
The number of cells 2N 2*8
Required input power 108 MW
Accelerating gradient 140 MV/m
Shunt impedance 𝑅𝑠 105.1 MΩ/m
Quality factor 𝑄0 7930
|𝑠33 | 0.69
Coupling coefficient 𝛽 1.66
Overall coupling coefficient 𝛽′ 4.78
Filling time 𝜏 40 ns
RF pulse length 𝑡𝑝 50 ns

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.

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 a 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]. Using the complex values of the fields
at the centers of all cells, we can calculate the frequency
deviation of all cells. The results show a good field flatness
and a frequency deviation below 3 MHz, corresponding to
machining errors below 5 µm with a frequency sensitivity of
approximately 1 MHz/µm, as shown in Fig. 6. It should be
noted that the non-zero field after z=330 mm is caused by

Figure 5: Aluminum and copper prototypes before brazing.

the slight misalignment and non-uniformity of the fishing
lines.

Figure 6: The bead-pull result for the aluminum prototype.

The copper prototype has been brazed at a 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. The calculated maximum
frequency deviation is exceeding 8 MHz. And the abnormal
concave-shaped fields are observed in some cells, which is
caused by the dispersive mode of the cells with the resonant
frequency lower than the operating frequency, such as 0-



mode. In the simulations, similar field distribution has been
observed. After preliminary tuning, the bead-pull results are
shown in Fig. 8.

Figure 7: The bead-pull result for the copper prototype be-
fore tuning.

Figure 8: The bead-pull result for the copper prototype after
preliminary tuning.

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. Due to the high reflected power, in
the high-power testing, two parallel-coupled structure will
be fed by a 3dB hybrid to protect the power source from the
reflected power.

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 mechanically without the use of metallic
plungers. The results demonstrate the fabrication errors sat-
isfy the tolerance requirements, demonstrating the feasibility
of this structure for short-pulse high-gradient applications
and provide a basis for future high-power tests.

Figure 9: The bead-pull result for the well-tuned copper
prototype.

Figure 10: The S parameters for the well-tuned copper pro-
totype.
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