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Abstract

The HESR storage ring will be operated with a high in-
tensity antiproton beam to serve the PANDA experiment.

Due to several reasons its completion is presently post-
poned which causes the issue how to keep competences re-
quired to develop and operate the electron cooler. We will
present mitigation plans that will enable Helmholtz-Institut
Mainz (HIM) to pursue its goals even if the present situa-
tion would last for a long time.

INTRODUCTION

The research group ACID-II at Helmholtz Institute
Mainz (HIM) is aiming to resolve technical challenges re-
lated to high energy electron cooling. This is connected to
a possible relativistic magnetized electron cooler for the
High Energy Storage Ring HESR at FAIR. An electron ki-
netic energy of almost 8 MeV would be required, exceed-
ing the voltage of the Jiilich cooler [1] considerably, which
is currently the cooler with the highest voltage and mag-
netized beam.

In cooperation with the Budker Institute for Nuclear
Physics (BINP) at Novosibirsk in Russia we have proposed
a modular concept based on high voltage platforms, each
delivering a potential of 600 kV. The floating electric
power is provided by turbogenerators which supply the so-
lenoids and auxiliary devices such as electron source, col-
lector-supply, or vacuum pumps. A first module was built
by BINP and delivered to Mainz [2]. These modules —
called platforms - are intended to be 1:1 scale size proto-
type for the HESR-cooler.

Since the last conference of this series all HESR related
projects have been confronted with uncertainties because
of cost increases and the political situation. These will
probably lead to an additional delay of several years before
HESR can start operation. In particular, the cooperation
with most Russian institutions has been suspended and it is
presently not clear when such co-operations will become
possible again. This also applies to our plans to test the
scalability with more than one HV-platform.

In this paper we describe the progress we have achieved
since the last conference COOL’21 and try to sketch a strat-
egy how to sustain the competences that have been gained
at HIM until the timeline of the HESR becomes more pre-
dictable.

PLATFORM OPERATION

The arrangement was described in the paper covering
our status at COOL’21 [2] where more details can be
found. A pressure tank of 4 m inner diameter is intended to
hold a stack of 600 kV high voltage platforms (Fig. 1).
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Since the cooperation with BINP was suspended, no de-
livery of the second platform took place. This will inhibit
our tests for scalability until either the cooperation is re-
sumed, or we build the other stages from our own means.
The latter is feasible but would require considerable engi-
neering capacity. Considering the delays in the timeline of
HESR it seems reasonable to postpone such decisions and
restrict ourselves to operation of the first 600 kV platform.
We will operate the gas-expansion turbines for power gen-
eration with dry nitrogen at the beginning. An input pres-
sure of 3 bar can be generated by our screw compressor
with a mass-throughput that suffices to drive at least two
turbines. It was considered most favourable to use a closed
Nitrogen circuit, i.e., feeding the exhaust gas of the tur-
bines back to the compressor, the input and the exhaust
flanges can be seen in Fig. 2. In first tests it turned out that
stable operation of the system, e.g., when changing the load
on the turbine, was difficult to achieve.

Figure 1: Lower part of HV tank at HIM with first platform
installed. Inner diameter of tank is 4 meters.

In cooperation with Prof. Wirsum from the Institute for
turbo electric power generation at RWTH Aachen a thor-
ough analysis of the pneumatic circuit was completed [3].
The reasons for the instabilities were identified and coun-
termeasures proposed. The modifications were delayed by
the supply chain problems that occurred during 2022, for
instance by a very long delivery time for regulation valves.
However, the modifications were finalized in spring 2023
and stable operation of a turbine in the closed cycle config-
uration was achieved. As a next step we will connect the
already installed turbine on the 600 kV platform to the cir-
cuit. In this configuration the gas supply line is made from
insulating material and integrated into the platform. Later,
HV-tests will start, with the goal to reach 600 kV operation.
This step will be challenging because the support from the
designers of the platform at BINP is presently missing. To
have stable HV-conditions on the platform, the supply lines
and the turbine will be exposed to a moderate overpressure
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in the HV-tank, which will be generated by filling the tank
with nitrogen at 2-3 bar. We expect to finalize these exper-
iments within the next two years.
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Figure 2: “Big-Blue-Bubble” HV tank with several ports in
the bottom flange. Besides the input/output port for the
cooler beam, the bottom flange also comprises input/output
ports for the gas flow.

MEDIUM TERM STRATEGY

The experiments described in the last section will be per-
formed with the available resources at HIM. From the
R&D point of view, further developments are well defined
and have been described in [2]. In the same paper, several
alternatives how to use our competences and installations
have been sketched. These projects can be related to R&D
in particle physics as well as for applied science. They can
allow us sustaining the special competences needed for the
cooling device until the present period of uncertainty con-
cerning the HESR-experiments is over. There are two dif-
ferent areas in which continuity must be maintained. Be-
sides the expertise in handling the HV-modules, it is our
experience in handling and diagnosing the high beam cur-
rents needed for magnetized cooling, see also the contribu-
tion by Thomas Beiser in these proceedings [4].

The most promising recent development where these
competences can be used is a medical application. We have
been asked to contribute to such a project where a similar
beam current and energy as in our HESR-device is needed.
This project is pursued by a collaboration of German na-
tional research centres and universities. It deals with gen-
erating a spatially modulated X-ray field for cancer ther-
apy. Promising results of such radiation fields have been
obtained at the ESRF-synchrotron, but clinical application
requires to miniaturize the accelerator system needed. It
turns out that a so called “Line focus X-ray tube (LFXT)”
could achieve this [5]. The line focus on the anode with
dimensions of approximately 0.05*15 mm is adapted to
make optimum use of a linear X-ray collimator grid. A de-
vice suitable to be used in cancer treatment will have to
operate at a beam energy of 600 keV with a beam current
of about 2 Ampere. This is accidently a similar parameter
region as in the cooler-prototype. For the LFXT, we have
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already designed and build a prototype gun for 300 kV,
300 mA which is currently being commissioned at
TU-Munich [6]. Such an X-ray tube fulfils the desire to
have a compact device that fits into a hospital, see Fig. 3.

Figure 3: 300 kV, 0.3 Ampere prototype of the Line Focus
X-ray Tube (LFXT-1). Tube length is about 1.5 m. Elec-
tron gun and focusing system (right half of vacuum vessel)
have been built by us [6]. The system uses conventional
HV-Isolators and HV-power-supplies to accelerate the
beam.

One may note that there are differences between the
Cooler- and the LFXT-prototype. First, the LEXT does not
use energy recuperation. It dumps the full beam power on
the anode, albeit only for a period of a few seconds which
is enough to create the X-ray dose needed for treatment.
Therefore, it relies on stored electrical energy, not on con-
tinuous power flow as in the cooler case. Second, it is not
necessary to have a big HV-tank for only 600 kV. On the
other hand, even if the turbines and the “big-blue-bubble”-
tank would not be used it is evident that the aforementioned
competences fit very well to this project.

CONCLUSION

Our group will continue to develop important compo-
nents for a possible electron cooler at HESR/PANDA. Af-
ter a successful test of a turbogenerator in closed circuit last
summer we will continue with an installation of the turbine
at our high voltage platform with the goal to demonstrate
operation of the system under 600 kV. If the situation con-
cerning the future of the HESR-experiment remains un-
clear, it is possible to maintain the competences by bridg-
ing even a long-lasting time gap by applied physics re-
search for X-ray tubes which need beam powers compara-
ble to those at needed for HESR-Antiproton-cooling. This
project can be handled in parallel to the ongoing cooler-
activities since additional funding and personnel may be-
come available.
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