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A B S T R A C T

The employment of a suitable radioactive decay spectroscopy setup is essential for the operation of radioactive
ion beam (RIB) facilities. CERN-ISOLDE recently developed a new fast tape station (FTS) setup to replace
its more than 40 years old predecessor. The new FTS is equipped with several 𝛽-detectors, a HPGe-detector,
provisions for an 𝛼-detector, and constitutes a significant improvement in terms of transport times and detector
noise characteristics. Since 2021 it is routinely used as the primary asset for yield determination and quality
control of produced RIBs at ISOLDE. We address in this work its technical features and introduce the utilized
control system.
1. Introduction

CERN-ISOLDE is a research facility dedicated to the production of
radioactive ion beams (RIBs) via the isotope separation on-line (ISOL)
method [1]. Over the last 50 years more than 1000 isotopes have been
produced from 76 different elements [2]. To enable smooth operation,
ISOL facilities require an adequate radioactive decay detector setup.
ISOLDE utilizes a tape station as a key component for the qualitative
and quantitative analysis of produced RIBs. This includes production
yield and beam purity measurements. In addition, the tape station
is used as diagnostic tool during beam commissioning. The working
principle is simple: produced RIBs are implanted onto a movable tape
and transported to different detectors. Since the previous model served
for more than 40 years, a new and improved tape station was recently
commissioned. The new fast tape station (FTS) has a revised design,
particularly in terms of tape speed, detector noise characteristics and
reliability, which were considered the most striking shortcomings of the
old version. First installed in 2016, commissioned in 2018 and moved
during CERN’s latest long shutdown to its final position in the ISOLDE
experimental hall central beam line, the FTS completed its first two
operational years during the ISOLDE physics campaigns in 2021 and
2022.
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2. The new fast tape station at ISOLDE

2.1. Chassis

Detrimental timing and noise properties of the previous design
prompted the development of the new and improved tape station. A
picture taken close to its completion is shown in Fig. 1. The FTS is
essentially a 2 m tall vacuum chamber, integrated into the ISOLDE
central beam line. To achieve vacuum levels below 10−6 mBar, compat-
ible to the beam line, the chassis comprises three machined chambers
that are bolted together. Two chambers are the upper and lower tape
boxes, containing two large tape reels, tension arms and a capstan that
drives the rapid tape movement. The third chamber is the detector box,
which will be explained in the next section. The aluminized Mylar tape
(Goodfellow ES301955) is 50 μm thick, 12 mm wide and 1000 m long.
Fast transport times (≈ 100 ms) are enabled by the 120 mm diameter
and polyurethane-coated capstan, driven by a Siemens SIMOTICS S
synchronous servo motor (1FK7032-5AK71-1DG5, 1.1 Nm, 0.5 kW).
Tensions arms located in both tape boxes allow rapid tape movement
without the necessity to accelerate the large and heavy tape reels. In
idle phase, i.e. in-between two measurement cycles, constant tension
of the tape is guaranteed by two springs attached to each tension arm.
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Fig. 1. (a) Picture of the fast tape station chassis with the reel and detector boxes open. (b) Schematic cross section of the detector box located between the upper and lower
reel boxes. P0-P3 indicate the four detector positions.
When starting a measurement cycle, first, the tape is further strained
by moving the upper tension arm via the two large bobbins. Once
triggered, the capstan rapidly drives the tape, and the tension arm is
released. Inductive positioning sensors (Pepperl+Fuchs PMI360D-F130-
IE8-V15) monitor the tension arm’s movement. In this way, the large
reels that carry the majority of the heavy tape must only move in-
between two measurement cycles such that slow motors would suffice.
However, for simplicity and compatibility the same motors as described
above are used for the reels. To monitor the remaining tape length,
distance meters (SICK OD2-P120W6012) based on laser triangulation
are installed in both tape boxes. Their position was chosen such that
the light does not interfere with the radiation detectors.

2.2. The detector box

The detector box (Fig. 1(b)) is a machined aluminium case with ten
ports. Two ports connect to the upper and lower tape boxes, one to
the beam line (left and right), five are used for detectors and beam-
instrumentation devices1 and two are used for a vacuum pump and
pressure gauges. The tape moves from upper to lower tape box and
is horizontally displaced from the beam-line axis. The RIB, normally
passing through the detector box and continuing in ISOLDE’s central

1 Adapted version of beam-instrumentation systems that are commonly
employed at CERN.
170
beam line, can be deflected onto the tape by a set of electrostatic
deflection plates. Starting from the implantation point, four detector
positions (P0-P3) are vertically displaced. P0 accommodates a 2𝜋 in-
beam 𝛽-detector, P1 a 4𝜋 𝛽-detector, P2 a high-purity germanium
(HPGe) 𝛾-detector. P3 will accommodate an 𝛼-detector (Si-PIPS) and an
additional 𝛽-detector, which will be located close to P2 to create 𝛽-𝛾-
coincidences (see Fig. 1(b)). Table 1 summarizes the detector positions
and their respective distances from the implantation point. Compro-
mising between speed and reliability, i.e. preventing tape slippage,
transport times of 100 ms to any of the detector positions can be
achieved. This is a 10-fold improvement compared to the previous
tape station. All 𝛽-detectors are newly developed 23 × 23 × 3 mm3

plastic scintillators (ELJEN EJ-200) coupled to a 3×3 Si-photomultiplier
(SiPM) array based on MicroFJ-60035-TSV-TR1, J-Type 6×6 mm2 cells
from ONSEMI. An integrated front end electronics (FEE) preamplifier
enhances the SiPM output signals within a compact 30 × 30 × 30 mm3

aluminium casing. The dedicated FEE preamplifiers feature improved
noise characteristics as the weak SiPM output signals are not passed
through lengthy and noisy environment before amplification, as it
was the case in the previous tape station. More detailed information
about the 𝛽-detectors can be found in [3]. Fig. 1(b) schematically
shows the detector positions. The in-beam 𝛽-detector is single-sided
(2𝜋) and equipped with a segmented collimator. The current of the
individual collimator plates can be acquired independently, assisting
initial beam tuning. The 4𝜋 𝛽-detector consists of two detectors on each
side of the tape, thereby nearly covering the full solid angle. Detection
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Table 1
Detector positions located in the detector box of the fast tape station. The distance
refers to the distance from the implantation point.

Position Distance Detector
[mm]

P0 0 In-beam (2𝜋) 𝛽-detector
P1 110 4𝜋 𝛽-detector
P2 240 HPGe 𝛾-detector
P3 330 2𝜋 𝛼-detectora

aWill be installed during Q2 2023.

Fig. 2. FTS front end control application.

efficiencies of 90% were calculated from Geant4 [4,5] simulations for
𝛽-energies greater 200 keV with a 100 keV threshold to cut signals
originating from 𝛾-rays. A 4 cm thick lead shielding reduces background
radiation from long-lived activity present in the beam line and tape
reels. The low background and high detection efficiency make this
detector suitable for precision measurements and thus the primary asset
for yield determination. Gamma-radiation is recorded using a coaxial
HPGe-detector with a Cryo-Pulse 5-SL electronic cryostat (CANBERRA),
featuring full widths at half maxima of 1.2 (2) keV at 120 (1300) keV
photon energy, and 24 h cool-down time. The fast and slow output
signals of all detectors are split. One set is passed to counters with
associated analog modules. The second set enters a CAEN DTS5725
digitizer, providing live data read-out.

2.3. Control system

Next to capable hardware, precision measurements of produced
RIBs require an adequate control system. Most of the control hardware
is based on Siemens components, which are widely used at CERN.
On the PLC system, a real-time control code regulates all devices to
move the tape and acquire data using the counters. To enable remote
control and to synchronize measurement cycles to the pulsed proton
beam delivery of CERN’s accelerator complex, the control system takes
advantages of the CERN-supported front end software architecture
171
(FESA) framework. Device control and communication is facilitated
by means of FESA device classes, developed based on generalized
and modular code that is adapted to the individual instruments. This
framework transfers data from the user front end application and allows
subscription to other device classes within the CERN network such that
the timing signals provided by the proton accelerator complex can serve
as triggers. While the FESA infrastructure cannot communicate directly
with the PLC, this feature is realized utilizing the CERN-developed
Software Infrastructure for Low-level Equipment ControllerS (SILECS)
framework. Fig. 2 shows the front end application to configure and
start a FTS measurement cycle. The user can specify the detector
position, initial delay after proton impact, collection time, transport
time2, measurement time and the amount of subsequent measurements
using the counters. All times are expressed in milliseconds. The bar-
graphic (top) indicates the subscription to the proton pulses’ timing
and destination data that is used as a trigger to start a measurement
cycle. The dark blue colour corresponds to pulses which are delivered
to ISOLDE. A complementary software tool was developed to launch
a series of measurement cycles, differing in initial delay to determine
the pulse shape, commonly denoted as release curve, of the produced
RIB [6]. Such measurements are valuable and frequently performed at
ISOLDE.

3. Summary

A new fast tape station was developed and integrated into ISOLDE’s
central beam line. Key improvements compared to the previous de-
sign are reduced transport times (100 ms) and improved 𝛽-detector
noise characteristics. Since 2021, the device is routinely used for yield
determination and quality control of produced radioactive ion beams.
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