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The Crossbar H-mode (CH) structure is a multicell drift tube cavity for the 
acceleration of protons and ions in the low and intermediate energy range:

TE211-Mode (H211-Mode)

Frequency range: 150 – 800 MHz

Energy range: 1 – 150 MeV/u

Velocity range β = 0.05 – 0.6

Cell length l = βλ/2

How is the particle beam accelerated?

Stems are alternately charged to different 

potential

Electric fields between the drift tubes along the 

beam axis lead to an acceleration voltage

CH - DTL cavities
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CH0 F. Dziuba (2016)

CH1/2 M. Basten (2019)

CH3 - 11 T. Conrad (2022)

Evolution of SC CH - Cavities

Straight lids

Girder

Bend spokes
Conical lids

No girder

Straight spokes

Flushing flanges

New bellow tuner

Modular cavity design

Adapted drift tube geometry
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identical for all nine cavities
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Modular Cavity Design

Spokes, lids, flanges, tuners, and helium tanks are 
identical for all nine cavities

They can be mass produced and then adapted to the 
particular cavity

This saves both production costs and
production time
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The only remaining adjusting screws

radius

dynamic bellow tuner height

drift tube length

drift tube width

Optimization
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# CH EPeak / EA BPeak / EA

CH1 6.5 8.5

CH2 6.5 8.5

CH3 5.86 8.36

CH4 5.71 7.73

CH5 5.49 7.79

CH6 5.49 8.02

CH7 5.34 8.09

CH8 5.45 8.14

CH9 5.48 8.5

CH10 5.44 8.49

CH11 5.7 8.48

~  5 % cost reduction

~ 15 % performance improvement electric fields

~ 4 % performance improvement magnetic fields

The only remaining adjusting screws
radius

dynamic bellow tuner height

drift tube length

drift tube width

Optimization
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CH3 CH11

Pressure Sensitivity
A major problem for superconducting CH
cavities is their susceptibility to evacuation
due to the very thin wall thickness

Outer wall ≈ 4 mm

Bellow tuner ≈ 1 mm

Spoke wall ≈ 3 mm

Measures were taken in the design of CH1 and
CH2 to counteract this vulnerability

Bend lids

Straight spokes

Lid stabilizers

These measures are only fully effective for
CH3 now!
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CH4 CH5 CH6 CH7

CH8 CH9 CH10

Pressure Sensitivity

The largest change in frequency when the cavity is "completely" 
evacuated is ≈ -12 Hz/mbar

This is within the range o fthe experimentally determined 
pressure sensitivity of CH1 (≈ -4.5 Hz/mbar)  and CH2 (≈ -9.6 Hz/mbar) 
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As already mentioned, the helium tank is part of the
Modular Cavity Design

Helium Vessel



GOETHE
UNIVERSITÄT

Thorsten Conrad 36 HIAT 2022 - 06 - 30

As already mentioned, the helium tank is part of the
Modular Cavity Design

Different radii were considered and the resulting helium
reservoir was calculated

Helium Vessel
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As already mentioned, the helium tank is part of the
Modular Cavity Design

Different radii were considered and the resulting helium
reservoir was calculated

The radius was designed for the maximum of the cryostats

Helium Vessel
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# CH No. of 
gaps

rCavity / 
mm

lCavity / 
cm

lCell / 
mm

Bellow 
Tuner

Static 
Tuner

βin βout

CH3 8 221.9 68.12 56.7 2 2 0.076 0.083

CH4 8 226.76 70.44 59.6 2 2 0.083 0.090

CH5 7 233.87 67.44 62.4 2 2 0.090 0.096

CH6 7 243.57 71.97 70.3 2 2 0.096 0.102

CH7 6 250.48 66.92 73.6 2 2 0.102 0.107

CH8 6 251.56 67.3 73.9 2 2 0.107 0.112

CH9 6 257.25 71.00 80.4 2 2 0.112 0.116

CH10 5 266.1 64.56 83.6 2 2 0.116 0.1209

CH11 5 266.1 64.71 83.9 2 2 0.1209 0.1213

The Cavities

Although the radius of
the cavities increases
steadily from CH3 to
CH11, the length
varies

Despite the modular cavity design, it was possible to increase
the performance, keep the pressure sensitivity sufficiently low
and ensure a sufficiently large helium supply.
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Bellow Tunter Investigation

A test stand for the experimental determination
of the mechanical properties of the dynamic
bellow tuner is to be set up. In the process, the
following is to be investigated:

The maximum load capacity before a fracture

The service life before material fatigue impairs
functionality

For this purpose, a pillbox cavity is
converted so that the tuners can be cooled
safely and the deformation can be
measured
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Bellow Tunter Investigation

The tuner to be examined must be adapted
for the pillbox
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Bellow Tunter Investigation

The tuner to be examined must be adapted
for the pillbox

Extended
Reinforced
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Bellow Tunter Investigation

The tuner to be examined must be adapted
for the pillbox

Extended
Reinforced

It could be confirmed by simulations that the planned
adjustments do not influence the validity of the
measurements.
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Bellow Tunter Investigation

The tuner to be examined must be adapted
for the pillbox

Extended
Reinforced

It could be confirmed by simulations that the planned
adjustments do not influence the validity of the
measurements.

Expansion exclusively in the bellow
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Bellow Tunter Investigation

The tuner to be examined must be adapted
for the pillbox

Extended
Reinforced

It could be confirmed by simulations that the planned
adjustments do not influence the validity of the
measurements.

Expansion exclusively in the bellow
Mechanical properties almost unaffected
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Lets sum this up

A modular cavity design was developed for the
upcoming sc CH-cavities of the HELIAC

This modular design was examined for its suitability and
could be confirmed in a wide variety of simulations

A concept for a tuner bench was developed, a tuner
adapted to the test bench was designed and its
suitability was tested by simulations.

The first three cavities will soon enter the construction
phase

The tuner test bench will be built

The modular cavity design is fed into an autonomously
operating software for the design of cavities (N. Petry
LINAC2022)

Thank You!
Special thanks to my colleagues at IAP, GSI 
and HIM/JGU Mainz for their support and 
valuable contributions to this research!
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