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Abstract
A 704.4 MHz Crossbar H-mode (CH) drift tube LINAC

has been proposed for performing a radio frequency jump
at 𝛽≈ 0.2. Up to now, the highest frequency of the con-
structed CH cavities is 360 MHz. In principle the operation
frequency for an H210-mode cavity can be up to 800 MHz.
At 704.4 MHz, the cavity dimensions become small, which
bring challenges for many practical problems e.g. construc-
tion, vacuum pumping and RF coupling. This paper presents
the performed R&D studies for the realization of such a very
high frequency cavity.

INTRODUCTION
The crossbar H-mode (CH) drift tube LINAC (DTL) has

been developed as a kind of efficient RF-structure for ac-
celerating low- and medium-𝛽 beams [1, 2]. In principle,
the operation frequency for a CH-structure can be up to
800 MHz [1], but up to now, the highest frequency of all
realized CH-cavities is 360 MHz [2]. In a recent study [3], a
kind of novel 704.4 MHz CH-DTL has been proposed to en-
able a radio frequency jump from 176.1 MHz to 704.4 MHz
at 𝛽≈ 0.2 for a large-scale LINAC (Fig. 1). This fourfold in-
crease in radio frequency can shorten the entire LINAC [4,5]
as well as can reduce the related construction and operation
costs considerably. 704.4 MHz is almost twice the highest
frequency of already constructed CH-cavities. The prelim-
inary RF-structure design results have shown that such a
very compact cavity can work in CW-mode both at room
temperatures and at liquid helium temperatures [3]. As a
further step towards the realization of a 704.4 MHz CH-DTL
cavity (firstly normal conducting), more practical aspects
e.g. mechanical design, vacuum pumping and RF coupling
are being investigated carefully.

Figure 1: Schematic overview of the frequnecy jump section
based on four 704.4 MHz CH-DTLs (taken from [3]).

VERY HIGH FREQUENCY CH-DTL
The normal conducting CH-DTL for 704.4 MHz will have

an octagonal tank cross-section to mount for the first time
∗ m.heilmann@gsi.de

Figure 2: CST-MWS [6] model of the recent design of the
704.4 MHz CH-DTL (side view).

Table 1: Design Parameters of the NC CW CH-DTL

Parameter Unit Value
RF-frequency MHz 704.4
𝛽 0.186
Gaps # 7
Gap length mm 19.8
Drift tubes # 6
Drift tube length mm 19.8
Drift tube aperture mm 20.0
Tank diameter (inner) mm 160.0
Tank length mm 337.0
Total RF-power kW 1.5
Acceleration gradient MV/m 0.5
Shunt impedance (sim.) MΩ/m 53.46
Kilpatrick Factor 0.24

CH-drift tubes with its stems into a tank (Fig. 2, Table 1). For
superconducting [7–9] and room temperature CH-DTLs [10,
11], the standard way is to weld the drift tubes into the tank.
The drift tubes are not welded into this very high frequency
CH-structure to reduce the risks and challenges at copper
plating of the cavity (Fig. 3). The copper plating of a normal
conducting CH-structure becomes more critical for a smaller
diameter in combination with an increased cavity length, so
another option for this small cavity can be to manufacture
the tank from copper.
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Figure 3: CAD-model of the very high frequency CH-DTL with six water cooled and mountable drift tubes (side view).
The cavity has an octagonal cross section for simplified assembly and an inner diameter of 160 mm. Two plungers are
installed and the RF-incoupling and the pickup’s are capacitive.

The desired homogeneous copper layer thickness distri-
bution in an accelerator is not longer given at a CH-drift
tube in relation to the tank wall. The individual drift tube
has a greater increase in layer thickness due to the copper
plating and this reduces the distance between adjacent drift
tubes. The minimal displacement of the gap center is part
of further error studies at beam dynamic investigations, but
the resulting frequency deviation is especially in a very high
frequency accelerator not negligible.

Figure 4: Simulated frequency of the very high frequency
CH-DTL depending on the position of the two plungers
(∅33 mm).

A mountable CH-stem has a flat surface from the stem
to the tank wall, that will reduces the magnetic field at the
bottom of the stem. The typical three-stage vacuum con-

Figure 5: Simulated electrical field distribution on beam
axis at the operation resonance frequency of 704.4 MHz.

cept (metal seal, pre-vacuum gloove and O-ring seal) is also
available for every drift tube with its good electrical and
RF-contact about the metal seal.

The power RF in this normal conducting CH-DTL has
a capacitively incoupling because an inductive incoupling
requires more installation space and the rotating of the loop
induce an unwanted frequency change during minimization
of the S11-parameter. The location between the stems of
the capacitive incoupling as well as the pickups have been
established as a standard in a SC CH-DTL.

The very high frequency is sensitive and therefore an
extended tuner concept is used. In addition to the static
and dynamic frequency tuners, the end plates of the tank
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can be shortened during production for greater frequency
adjustment. The designed frequency deviation of the two
tuners of about ± 3 MHz is too large for later operation, but
necessary to compensate the expected deviation between the
simulated and measured frequencies (Fig. 4). The diameter
of the frequency tuners can be reduced for fine tuning and
a different diameter is also possible without any noticeable
affecting of the field distribution on the beam axis (Fig. 5).
The tank breakthroughs of the RF-incoupling and pickup’s
as well as the vacuum slots are also integrated for more
accurate simulation.

A simplified connection between tank and stem of the
CH-drift tube can be realized in the next step by 3D printing.
The advantage of 3D printing on a DTL is the connection
of complicated, vacuum-tight and water-cooled geometries.
The goal is a complete 3D-printed CH-cavity with drift
tubes, stems and all flanged connectors. First 3D-printed
IH-drift tubes (1.4404 stainless steel) [12] and trials of UHV
pipelines (316L stainless steel) [13] were successful, but in
both cases the flanges must be lathed to avoid leaks. The
printing of high-purity copper is technically possible, but the
choice of material for 3D-printing is crucial for the further
course of the investigations and mechanical rework of the
surface. The used copper must have high electrical conduc-
tivity combined with a low outgassing rate and high surface
quality. The end plates of the tank will be built separately
in order to continue to be able to guarantee the iterative
frequency adjustment.

Figure 6: Simulated temperature distribution of the
704.4 MHz CH-DTL with 2.5 kW of input RF power, highest
thermally stressed point at the stem (T=324 K) and constant
293.1 K water cooling (taken from [3]).

The temperature investigations with CST-simulations for
CW-operation at 2.5 kW RF-power results in a maximum
temperature difference of 31°C [3] between the cooling water
and the highest thermally loaded point on the stem (Fig. 6).
The drift tubes and stems are fully cooled and multiple cool-
ing channels are located in the tank and the two end plates.

OUTLOOK
The very high frequency CH-DTL has been investigated

and simulated, the next step is the detailed elaboration of a
3D-printed and normally built variant. A separate vacuum

test for the first mountable CH-stems is planned, followed
by the construction of a complete prototype CH-structure.
First tests on the frequency behavior of the cavity can be
carried out with the uncoppered prototype and after the
copper plating, detailed investigations of the temperature
behavior depending on the incoupled high RF-power are
foreseen.

Additionally, consideration is being given to an SC version
of the very high frequency CH-structure.
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