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Abstract
Recently a new radiation protection interlock system has

been established at the Darmstadt superconducting linear
electron accelerator S-DALINAC. It prevents the staff from
entering radiation protection areas during operation and al-
lows a systematic scanning of these areas for workers before
running the accelerator. As an extension of the new interlock,
a new dose rate monitoring system has been developed using
PIN-diode arrays and self-made ion chambers. These detec-
tors will be used to perfom online dose rate measurements
in order to switch automtically the status of illuminated ra-
diation protection panels, which show the current level of
protection area.

INTRODUCTION
Operating a charged-particle accelerator results in the

production of ionizing radiation and the irradiation of its
environment. The S-DALINAC is a superconducting recir-
culating electron accelerator that is operated in an energy
range of 10 MeV (@ 60 µA) to 130 MeV (@ 20 µA). When
the beam transport has been optimized the primary ioniz-
ing radiation is dominated by synchrotron radiation and, for
example in the case of nuclear resonance fluorescence ex-
periments, by bremsstrahlung. At beam energies larger than
the neutron separation threshold one has to expect neutron
fluxes as well. These neutron fluxes, but also the brem-
strahlung, produce radioactive isotopes in the environment
of the accelerator, for example Co-60 in steel or Na-22 in
aluminum [1, 2]. The dose rates during operation and af-
terwards due to activation products can reach levels that
the national radiation protection regulation has to be ap-
plied [3,4]. Therefore, the accelerator and experimental hall
as well as closely related technical rooms are declared as
radiation areas to protect the workers against unreasonable
exposure situations. While nuclear structure experiments
are performed at the S-DALINAC the accelerator and exper-
imental halls are restricted areas (potential local dose rate:
ÛH > 3 mSv/h). Then, the closely related technical rooms
are controlled areas (potential effective dose per 2000 h/a:
E > 6 mSv). When no beam is prepared and no high
frequency signal is fed to the cavities these halls and tech-
nical rooms are supervised areas (potential effective dose
per 2000 h/a: E > 1 mSv). The current status of a radiation
area is shown by an illuminated three-level panel in front of
the doorways of that area, see Fig. 1. When beam and high
frequency signals have been switched off the licensee has
to validate that the dose rates do not exceed the regulatory
∗ Work supported by RTG2128
† jbirkhan@ikp.tu-darmstadt.de

limit of a supervised area. At the S-DALINAC, this has
been done so far by manual measurements only. To prevent
the radiation protection officer from potential exposure sit-
uation and to save time an online measurement system has
been designed which will be permanantly installed inside the
radiation areas. It will also allow to perform long term mon-
itoring while operating the S-DALINAC. Furthermore, such
a detector setup can be used to improve the beam diagnostics
as well.

Figure 1: Radiation protection panel distinguishing the dif-
ferent radiation protection levels.

ARCHITECTURE
The new dose rate monitoring system consists of radiation

detectors which are read out by micro controller boards (µC).
Two boards have been used: the Nucleo-F767ZI [5] and the
Arduino-UNO with ethernet shield [6]. If the measured
signal exceeds a certain threshold the µC switches a relay
which is connected to the personal interlock system (PIS)
[7], see Fig. 2. The PIS is also responsible for controlling
the illuminated radiation panels and to switch between the
three levels. The new detector systems allow to measure the
local dose rates before the level of radiation area is set from
restricted or controlled to supervised. Furtherore, the online
measured data can be accessed via the µC ethernet interface.
The µC are device servers wich can easily be integrated into
the EPICS-based control system using the EPICS stream
device support [8, 9].

TESTED DETECTOR TYPES AND
ELECTRONICS

Dosimetry has a long standing history of using geiger-tube
counters and ion chambers [10–12], especially for examin-
ing environmental radiation-exposure situations [13]. Today,
small semiconductor detectors are also capable of measuring
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Figure 2: Layout of the new dose rate monitoring system at
the S-DALINAC, (PIS = Personal Interlock System, PLC =
Programmable Logic Controller).

low dose rates due to sufficient sensitive and low-noise read-
out electronics. Semiconductor detectors are already in use
as beam-loss monitors at the S-DALINAC [14]. Low-cost
geiger tubes suffer from the disintegration of the organic
quenching gas as well as from a too large dead time, if they
are used in high photon- or particle-flux environments. Semi-
conductor detectors, like the beam-loss monitors from above,
suffer from low photon efficiencies. They need to measure
for a longer period of time to provide a count rate with a
certain precision. If dose rates need to be measured only, an
air-filled ion chamber overcomes these problems. If the ion
chamber is read out with a suitable operational amplifier as
part of charge-sensitive amplifier circuit [15], then the mea-
surand is a continuous voltage as function of the electron-ion
pairs produced by the incident radiation. Furthermore, the
physics of ion chambers is well understood and they are
proven to run stable [13,16]. Inspired by projects that favour
homemade ion chambers [12, 17] and that use PIN-diode
array detectors [18], the decision was made to build ion
chambers and use RD3024 detectors from TEVISO [19].

Homemade Ion Chamber
For simplicity a first prototype was built from cylindrical

tin cans. The ion-chamber setup consists of an inner zinced
can, the ion chamber (height = 75 mm, diameter = 80 mm),
and an outer can (height = 115 mm, diameter = 100 mm).
The outer can covers the inner ion chamber and shields it
against high frequency signals. The bottom of the inner can
is covered by an aluminum foil, the bottom of the outer can
by a steel grid (mesh size = 1 mm x 1 mm). The inner can is
mounted and isolated against the outer can by using teflon
and polystyrene spacer, see Fig. 3 on the left. The anode
wire of the ion chamber is made of copper (length = 65 mm,
diameter 0.5 mm). It is mounted on the top of the outer can
by the inner pin of a BNC connector. The inner pin of a
second BNC connector pulls the inner can down to ground.
The chamber is driven by a voltage of 30 V (10 x 3 V button
cells). The charge-sensitive amplifier circuit is shown in
detail in Fig. 4. Themaximum voltage, that can bemeasured,
is limited by the support voltage of the operational amplifier.
The amplifier setup was mounted on the top of the shielding
can. An additional shielding can covers the amplifier setup

and is soldered to the first one. A small hole is drilled into
the top shielding in oder to let the signal cable come out.

Figure 3: Ion chambermade from cylindrical cans. The outer
can provides a shielding against high frequency signals, for
further details see text.

Figure 4: Charge-sensitive amplifier for the read-out of the
hommade ion chamber.

Semiconductor Detector
The semiconductor detector RD3024 is based on an array

of PIN diodes. The integrated pulse discriminator provides
TTL signals which can be counted by a counter input of one
of the previous described µC boards. The sensor is capable
of detecting electrons and gamma radiation. It is designed
for dose rates between 0.1 µSv/h and 100 mSv/h, assuming
an energy range of 50 keV to 1.3 MeV. This fits to the photon
energies of most of the acitvated radioisotopes. The detector
needs a small RC-filter circuit that allows to increase the
resistivity againts high frequency signals. Measurements
very close to the cryostats of the S-DALINAC have shown
that an additional shielding improves the resistivity further.
Therefore, the whole setup was mounted in an aluminum
box with a few small holes for venting.

MEASUREMENTS
Test measurements have been performed with both detec-

tor types:

1. All detectors were placed very closely together at a
certain point in the accelerator hall. It was expected to
have a nearly homogeneous radiation flux at this point.
Additionally a calibrated dose meter was measuring
the dose rate at the same point. In order to enlarge the
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dose rates the beam current was increased stepwise at
a beam energy of 2.5 MeV. The detectors were exposed
against dose rates from 10 µSv/h to 64 µSv/h.

2. A calibration source (Co-60) was placed in front of
the ion chamber. The distance between each detector
and source was modified in order to produce different
dose rates. The dose rates were calculated from the
known activity of the source and the distance. The ion
chamber was exposed against dose rates from 0.3 µSv/h
to 1.4 µSv/h. A similiar calibration has been done for
the RD3024 but using Am-241 and Cs-137 as well at
three different distances. The dose rates ranged from
0.5 µSv/h to 2.0 µSv/h.

Homemade Ion Chamber
The calibration measurement of the ion chamber accord-

ing to item 1 shows a clear structure related to the stepwise
increase of the radiation flux, see Fig. 5. The largest uncer-
tainty of the voltages at each plateau is smaller than 4 %,
including beam-current instabilities. Assuming a linear re-
sponse function the largest detectable dose rate is about
310 µSv/h (≈ 3 V).

Figure 5: Calibration measurement of the homemade ion
chamber. Beam current and dose rate are shown for every
plateau. The beam energy was 2.5 MeV.

The calibration measurement of the ion chamber accord-
ing to item 2 is shown in Fig. 6. The asymmetric uncer-
tainties immediately attract ones attention. They result from
nuisance signals which are well seperated from the very sta-
ble base-line signal caused by the calibration source, see Fig.
7. These nuisance signals are always positive. Therefore,
the frequency distribution of the measured voltages is asym-
metric. If the reason for them can be found, for example
cosmics, they can be removed from the data sets. Under
this assumption all pairs of measured voltages would be
significantly different from each other and from the envi-
ronmental radiation background. Then, the detection limit
would amount 30 nSv/h which fits the radiation background
in many offices of the institute.

Figure 6: Calibration measurement of a RD3024 detector. A
Co-60 source was placed in front of the detector at different
distances. The dose rates were calculated from the distances
and the activity of the source.

Figure 7: On the top of the signal-base line some nuisance
signals occur. The amplitudes of these signals form a rela-
tively narrow gaussian distribution. The repetition rate of
the nuisance signals is indipendent of the incident radiation
flux.

Semiconductor Detector
The calibration measurement of the RD3024 according

to item 1 is shown in Fig. 8. If the number of counting
events is recorded per second it becomes obvious that large
fluctuations occur which make it impossible to identify the
stepwise increase of the beam current. A larger amount
of events needs to be accumulated before the dose rate is
calculated. This can be done by extending the measurement
time per dose rate value. It could be shown that this problem
will be significantly smaller at higher radiation fluxes. The
calibration measurement of the RD3024 according to item
2 was used to evaluate the parameters of a linear response
function. After that a radioactive source was measured. The
source was known to expose the detector against a dose
rate of (1.2 ± 0.3) µSv/h. The measurement result was
(1.2 ± 0.1) µSv/h.
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Figure 8: Calibration measurement of a RD3024 detector.
Beam current and dose rate are shown for the first and last
plateau. The beam energy was 2.5 MeV.

CONCLUSION AND SUMMARY
The measurements have shown that the handmade ion

chamber is capable of measuring background-radiation lev-
els as well as dose rates up to 64 µSv/h. Assuming a linear
response function it is expected that the chamber will be able
to operate up to 310 µSv/h. If the problem of the nuisance
signals can be solved the ion chamber is the favoured detec-
tor for the dose rate monitoring system. The ion-chamber
setup is simple and the continuous output voltage can easily
be measured with a sufficient high precision. This setup can
operate as beam-loss monitor if an amplifier with a larger
operating range is used. Additionally the efficiency of the
chamber can be reduced by building a smaller one. The
RD3024 detectors can be used as well for the monitoring
system as far as it is acceptable to wait about 3 min to 10 min
for an reliable measurement result. They could also serve als
beam-loss monitors in a S-DALINAC like environment. Cur-
rently two RD3024 are permanently in operation to measure
dose rates at different locations inside the accelerator hall.
These measurements allow to create a dose rate map. The
map will be used to find out the locations where to mount
detectors permamently for switching the illumination of the
radiation panels.
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