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Abstract
After 25 years of successful research in the nuclear and

radiation physics domain, the KVI-CART research center in
Groningen has been re-established as the PARticle Therapy
REsearch Center (PARTREC). Using the superconducting
cyclotron AGOR and being embedded within the University
Medical Center Groningen, it operates in close collaboration
with the Groningen Proton Therapy Center.

PARTREC uniquely combines radiation physics, medical
physics, biology and radiotherapy research with an R&D pro-
gram to improve hadron therapy technology and advanced
radiation therapy for cancer. A number of further upgrades,
scheduled for completion in 2023, will establish a wide
range of irradiation modalities, such as pencil beam scan-
ning, shoot-through with high energy protons and Spread
Out Bragg Peak (SOBP) for protons, helium and carbon
ions. Delivery of spatial fractionation (GRID) and dose
rates over 300 Gy/s (FLASH) are envisioned. In addition,
PARTREC delivers a variety of ion beams and infrastructure
for radiation hardness experiments conducted by scientific
and commercial communities, and nuclear science research
in collaboration with the Faculty of Science and Engineering
of the University of Groningen.

PARTREC FACILITY
The PARticle Therapy REsearch Center (PARTREC) is a

newly established research facility at the University Medical
Center Groningen (UMCG). It builds on the success of the
former KVI-CART research center and utilizes the super-
conducting cyclotron AGOR (see Fig. 1) for experimental
research, mainly in radiation physics and biology.

Built by a French-Dutch collaboration in Orsay in the
period 1987 – 1994 and commissioned in Groningen in
1996, AGOR operated within the KVI-CART research cen-
ter [1]. It was used for 25 years to perform research in nuclear
physics and on fundamental symmetries [2] as well as for
detector development, radiation hardness testing [3,4] and ra-
diobiological experiments. Recently besides nuclear physics,
radiation and accelerator physics and radiobiology,the re-
search focus has been shifting towards medical applications
and therefore the facility and its personnel was integrated into
the University Medical Center Groningen (UMCG). Hence,

∗ a.gerbershagen@umcg.nl

Figure 1: Photograph of the AGOR accelerator.

the new structure, additional goals and the new infrastruc-
ture (described in the chapters below) have been formalized
via a creation of the new research center named PARTREC
(logo in Fig. 2) was created.

Working in close collaboration with the UMCG Gronin-
gen Proton Therapy Center (GPTC), PARTREC research ac-
tivities encompass medical physics, radiation biology exper-
iments, tests of different radiation therapy treatment modal-
ities and development of detector technology. In addition,
it provides opportunities for experiments in the domain of
radiation hardness, for both the scientific and commercial
communities, and nuclear science, in collaboration with the
Faculty of Science and Engineering of the University of
Groningen.

Figure 2: Logo of new PARticle Therapy REsearch Center
(PARTREC).

BEAM DELIVERY CAPABILITIES
The magnetic field of AGOR has a varying value between

1.7 to 4.1 T. It is produced by two superconducting main
coils and fifteen trim coils for the precise field shaping, with
three iron hill sectors for focussing and defocussing of the
circulating beam (see Fig. 3).
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Figure 3: Schematic 3D-model of the AGOR cyclotron inte-
rior.

The acceleration is performed by three halfwave RF cavi-
ties, which can be mechanically extended or contracted to
produce accelerating frequencies of 24–62 MHz with the har-
monic numbers of h = 2, 3 or 4. The beam is axially injected
from three external ion sources, with two ECR sources for
heavy ions and a multi-cusp source for light ions. The extrac-
tion happens after 300–500 turns, depending on harmonic
mode. The extraction radius is about 870–890 mm (depend-
ing on E/A of the beam), with the turn separation at the
extraction being in the order of 2–3 mm, which corresponds
to the width of the beam.

Given the flexibility of the magnetic field, RF frequency
and ion sources, AGOR routinely delivers ion beams of all
stable elements up to xenon, within an energy range depen-
dent on the charge-to-mass ratio of the ions. For radiation
hardness tests, the facility provides beams of protons at dif-
ferent primary energies and various ions (from He to Xe)
at 30 MeV/amu (see diagram in Fig. 4 and setup in Fig. 5).
Experiments can be performed at 90 MeV/amu with ions
up to Ne. The changeover between the different particle
types at the same energy per amu takes typically less than
an hour. The possibilities of extending the palette of beams
towards still heavier fully stripped ions and lower energies,
as suggested by Fig. 4, are under examination [5].

Proton beams with energies relevant for clinical purposes
(range in water up to 230 mm) are used for preclinical ra-
diation biology research and proton therapy related physics
since twenty-five years. They can be delivered with the con-
tinuous intensity of up to 109 particles per second per cm2

with the dose homogeneity level within 1% for a scanned

Figure 4: Ion types provided by AGOR, with their extraction
energy plotted as function of their charge-over-mass-ratio.

Figure 5: Photograph of the setup for heavy ion irradiations.

beam and within 2-10% for scattered beams, dependent on
the irradiation field size. The intensity of the heavier ion
beams depends on the ion type and can be varied in the range
102-105 ions / (s cm2), with the field homogeneities compa-
rable to the ones of proton beams. The LET can be tuned by
means of a degrader system just before the sample location.
The beam purity is very high (contamination below 10−5)
and is verified by means of a silicon detector telescope that
stops the ions and provides particle identification.

RESEARCH PLANS WITH THE
NEW INFRASTRUCTURE

To extend PARTREC’s research capabilities, new infras-
tructure is currently under development and is expected to
become available in 2023.

This includes design, installation and commissioning of
a new beam line for the biomedical research, which will
free up additional capacities at the existing beam line (see
Fig. 6). The new irradiation modalities developed in the
framework of this extension will also become available at
the existing beam line. These include scattering and pencil
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Figure 6: Photograph of the setup for radiobiological irradi-
ations.

beam scanning, shoot-through with high energy protons as
well as Spread-Out Bragg Peak for protons and helium. Ad-
ditionally, the adaptation of the facility for the delivery of
spatial fractionation and high dose rates in excess of 300 Gy/s
(FLASH) is maturing. An active Proton Radiography pro-
gram with a variety of detectors in collaboration with GPTC
exists and advanced detector technologies, such as PET scan-
ner panels around a head-shaped phantom [6,7] for the op-
timization of margins for head-and-neck tumour treatment,
are under development (see Fig. 7).

Figure 7: Experimental setup showing the head phantom
in-between the 2 PET scanner panels. The head phantom sits
on top of 2 orthogonal translation stages and a rotation stage.
The direction of the proton beam is indicated by the arrow.
The proton beam will be scanned vertically and horizontally
with respect to this direction. The proton beam direction and
entry point in the head phantom can be accurately controlled
by combined translation and rotation of the phantom.

New experimental research [8] on the production of
neutron-rich heavy nuclei using multi-nucleon transfer reac-
tions between heavy nuclei (e.g. 136Xe on 208Pb) has recently
been started. An upgrade to one of the electron cyclotron
resonance (ECR) ion sources is under development, in addi-
tion to the work on improvement of transmission from the
ion source to the cyclotron extraction. A new experimental
station consisting of a 3 T superconducting solenoid frag-

ment separator and MR-ToF mass spectrometer is developed
in collaboration with the University of Groningen.

The new infrastructure will allow us and our users to
address various research questions such as:

• Radiation effects on electronics.
• Testing of particle detectors [9].
• Biological and physical radiation effects in space.
• Studies of radiation sensitivity variations within normal

tissue and tumour.
• Mechanistic studies using various tumour and normal

tissue utilizing in vitro and in vivo models to investigate
interaction between radiation and systemic treatments,
such as chemotherapy, immunotherapy and DNA dam-
age response (DDR) modulators.

• LET and RBE studies for biological treatment planning.
• Advanced radiotherapy dose delivery techniques, such

as GRID and FLASH.
• Therapeutic window optimization and translation to the

clinic.
Medium-term, it is envisaged for PARTREC to provide

users a one-stop-shop facility. This implies that PARTREC
will support the users during the complete process of exper-
iment development, the actual irradiation and its follow-up.
For the animal irradiations, PARTREC will guide the users
with the ethics authorisation process, animal procurement
logistics, and will provide on-site animal accommodation
with individually ventilated cage (IVCs) with a capacity of
200 rats and mice. For the follow-up the laboratory for ani-
mal handling prior and post irradiation could be used. The
GronSAI imaging center will provide the possibilities to
perform optical, structural and functional imaging of the
animal models prior and post irradiation using fluorescence,
bioluminescence, PET, CT, MR and multi-modality imaging
systems. In addition, the local data management facilities
could be used to store, process and analyze the irradiation-
related data.

CONCLUSION

The new PARTREC facility will provide the physics, radi-
ation hardness, radiation biology and medical communities
with a state-of-the-art, open access research infrastructure for
cell/tissue culture and small animal research. The upgrades
to the infrastructure will become available from 2023.
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