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Abstract 
Located at CERN, ISOLDE is one of the world's leading 

research facilities in the field of nuclear science. Radioac-
tive Ion Beams (RIBs) are produced when 1.4 GeV protons 
transferred from the Proton Synchrotron Booster (PSB) to 
the facility impinge on one of the two available targets. The 
RIB of interest is extracted, mass-separated and trans-
ported to one of the experimental stations, either directly, 
or after being accelerated in the REX/HIE-ISOLDE post-
accelerator. In addition to a Penning trap (REXTRAP) to 
accumulate and transversely cool the beam and a charge 
breeder (REXEBIS) to boost the charge state of the ions, 
the post-accelerator includes a linac with both room tem-
perature (REX linac) and superconducting (HIE-ISOLDE 
linac) sections followed by three HEBT lines to deliver the 
beam to the different experimental stations. The latest up-
grades of the facility as well as a comprehensive list of the 
RIBs delivered to the users of the facility and the opera-
tional experience gained during the last physics campaigns 
will be presented in this contribution.  

THE REX/HIE-ISOLDE LINAC 
The REX linac consists of seven room temperature ac-

celerating structures (Fig. 1). A four-rod RFQ followed by 
a buncher, an IH structure, three spiral resonators and a sec-
ond IH structure accelerate the beam from an injection en-
ergy of 5 keV/u to 2.8 MeV/u [1]. REX is a 101.28 MHz 
pulsed machine with a maximum repetition rate of 50 Hz 
and 2 ms RF pulse length. However, it is generally operated 
at lower duty cycles (typically 1.0-1.6 ms pulses at 2-25 Hz 

depending on the optimum breeding time of the particular 
RIB). It is capable of accelerating beams with mass to 
charge ratios (A/q) between 2.5 and 4.5. 

The HIE-ISOLDE linac [2] is the superconducting ex-
tension of the REX room temperature linac. It consists of 
four cryomodules and the corresponding inter-tank sectors. 
Each cryomodule is equipped with a superconducting so-
lenoid and five superconducting Quarter Wave Resonators 
(QWR) made of a copper substrate coated with niobium. 
The geometrical beta of the QWRs is 0.103 and the maxi-
mum gradient is 6 MV/m with a nominal quality factor 
higher than 5∙108. The final energy of the beam (Fig. 2) 
depends on its A/q since each QWR can be phased inde-
pendently (e.g. 9.2 MeV/u for A/q = 4.5 if all QWRs could 
be operated at 6 MV/m). 

Three HEBT lines are used to deliver the beam to differ-
ent experimental stations: the Miniball spectrometer, the 
ISOLDE Solenoid Spectrometer (ISS) and the Scattering 
Chamber (SEC). The latter is occasionally replaced by dif-
ferent travelling experimental stations increasing the flexi-
bility of the facility. 

The diagnostic boxes (DB), distributed along the linac 
and HEBT lines, are equipped with Faraday cups, scanning 
slits, collimators, silicon detectors, beam attenuators and 
carbon stripping foils (50 and 75 ug/cm2).  

Electrostatic quadrupoles (before the RFQ), supercon-
ducting solenoids (inside the cryomodules) and magnetic 
quadrupoles (in the rest of the linac and HEBT lines) are 
used for transverse focusing. Two 45 deg. dipoles in each 
of the HEBT lines can be used as spectrometers to measure 
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Figure 1: Layout of the ISOLDE separators and LEBT lines (bottom right) and the REX/HIE-ISOLDE post-accelerator. 
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the beam energy and to clean the unwanted charge states of 
beam contaminants when stripping foils are used.  
Table 1: List of post-accelerated RIBs since 2015. The du-
ration of each experiment and a reference to the experi-
mental proposal with additional information is included. 

Beam(s) Energies 
[MeV/u] 

Time 
[hrs] 

Exp.  
number 

74Zn21, 25+, 76Zn22+ 2.8, 4.0 ~ 170 IS557 [3] 
110Sn26+ 4.5 115 IS562 [4] 
142Xe33+ 4.5 100 IS548 [5] 
78Zn20+ 4.3 130 IS557 [3] 
132Sn31+ 5.5 130 IS551 [6] 
9Li3+3+ 6.8 70 IS561 [7] 
66Ni16+ 4.5 140 IS559 [8] 
72Se19+ 4.4 33 IS597 [9] 
66Ge17+, 70Se16+ 4.4 97 IS569 [10] 
142Ba33+, 144Ba33+ 3.4, 4.2 147 IS553 [11] 
140Sm34+ 4.7 113 IS558 [12] 
15C5+6+ 4.4 245 IS619 [13] 
94Rb23+ 6.2 140 IS572 [14] 
142Sm33+

,
 140Nd33+ 4.6 166 IS546 [15] 

108Sn26+ 4.5 94 IS562 [4] 
9Li3+3+ 8.0 80 IS561 [7] 
206Hg46+ 4.2 84 IS547 [16] 
59Cu20+ 3.6, 4, 5, 

4.3, 4.7 
134 IS607 [17] 

28Mg9+ 5.5 176 IS628 [18] 
96Kr23+ 4.7, 5.3 178 IS644 [19] 
212Rn50+ 3.8, 4.4 49 IS506 [20] 
222Ra51+, 228Ra53+ 
224, 226Rn52+, 222Rn51+ 

4.3 
4.2, 5.1 

31, 
83 

IS552 [21] 

142Ba33+ 4.2 39 IS553 [11] 
106Sn26+ 4.4 91 IS562 [4] 
8B3+5+ 4.9 97 IS616 [22] 
11Be4+4+ 7.5 118 IS629 [23] 
134, 132Sn31+ 7.4, 7.2 68 IS654 [24] 
28Mg9+ 9.5 116 IS651 [25] 
28Mg9+ 9.5 117 IS621 [26] 
206Hg46+ 7.4 98 IS631 [27] 
9Li3+3+ 8.0 103 IS561 [7] 
7Be2+4+ 5.0 135 IS554 [28] 
30Mg11+ 8.5 ~ 150 IS680 [29] 
212Rn50+ 7.6 ~ 150 IS689 [30] 
61Zn16+ 7.5 ~ 150 IS675 [31] 
209Fr53+ 7.6 ~ 110 IS581 [32] 

OPERATIONAL EXPERIENCE 
The HIE-ISOLDE project was phased over four years. A 

new cryomodule was installed every year between 2015 
and 2018 [33,34]. High-energy physics campaigns started 
right after the commissioning of each cryomodule was 
completed. Physics was paused in 2019 and 2020 during 
CERN’s Long Shutdown 2 (LS2) and restarted in 2021. 

The diversity of beams delivered to the users of the fa-
cility (Table 1) demonstrates the flexibility of the 
REX/HIE-ISOLDE linac. Isotopes as light as 8B and as 
heavy as 228Ra, with beam energies as high as 9.5 MeV/u 
for 28Mg or 1.6 GeV for 212Rn, multiple production target 
materials, ionization schemes (surface, plasma and laser) 
and mass-separators have been used over the years. 

PERFORMANCE 
The REX/HIE-ISOLDE linac reliably delivers the 

beams requested by the users of the facility. The beam 
availability is ~ 90-95 %. The main sources of downtime 
are: issues in the proton injector chain (i.e. linac4 and PSB) 
accounting for ~1-3 % downtime, issues with the ISOLDE 
targets, separators and LEBT lines for ~2-3 % and trips of 
the linac RF systems for ~2-4 % (roughly evenly split be-
tween room temperature and superconducting systems).  

Beam Intensity  
Even if it is not part of the performance of the linac itself, 

several experiments were not able to achieve some of their 
physics goals due to lower than anticipated beam intensi-
ties. Sustaining the required target production during the 
duration of an experiment (typically 3-8 days) was espe-
cially challenging when molecular beams were used to 
limit isobaric beam contaminants (8B19F2

+ for IS616, 
134Sn34S+ for IS654 or 70, 72Se12C16O+ for IS597 and IS569). 

 

 
Figure 2: REX/HIE-ISOLDE nominal and operational 
maximum beam energy for mass to charge ratio. 

Beam Energy 
On average, the operational gradient of the SRF cavities 

has been limited to ~75 % of the nominal 6 MV/m (Fig. 2). 
The RF coupler of one of the cavities was damaged and the 
cavity was unusable until it was repaired during the LS2. 
Several cavities suffer from field emission and they have 
to be operated at a lower gradient to limit the thermal load 
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in the cryoplant and to avoid damaging the instrumentation 
with the produced X-rays. A few additional cavities are not 
stable enough for operation at high fields due to a mechan-
ical instability thought to be generated in the cryo system 
and propagated through the LHe bath. Fortunately, the 75 
% limitation in total gradient did not impact the physics 
program significantly up to now (except for part of exper-
iment IS631: 206Hg46+ at 10 MeV/u requested vs. 9.4 
MeV/u delivered). Nevertheless, higher beam energies will 
not be reachable until these issues are addressed.  

Stability, Scalability and Reproducibility 
In general, the linac only requires minor adjustments 

when it is scaled over Δ(A/q) < ± 0.2 which is critical for 
RIBs machines. Scaling constraints are more evident when 
the final A/q approaches 4.5 because of the limited availa-
ble RF power and focusing strength of the in-vacuum tri-
plet inside the first IH structure. In addition, one of the spi-
ral resonators suffers from a mechanical instability at high 
gradients which limits its scalability. To avoid this prob-
lem, and until the source of the issue is identified and cor-
rected, this structure is being operated at a lower gradient 
than nominal which temporarily limits the final energy of 
REX to 2.75 MeV/u (instead of 2.8 MeV/u). 

Beam Transmission and Ionization Efficiencies  
Transmission through the separators and LEBT lines is 

typically ~ 70 % (up to 80 % if enough time is invested in 
the preparation of the set-up). Transmission through the 
linac and HEBT lines is usually ~ 75 %. Beam losses are 
dominated by the intrinsic inefficiency of the bunching 
process of the RFQ. Trapping and ionization efficiencies 
of the REXTRAP and the REXEBIS vary significantly 
(typically 2-12 %) depending on the type of beam (atomic 
vs. molecular), the mass and atomic number of the isotope, 
the desired charge state and the beam intensity among 
others [35].  

Duration of the Experimental Campaigns  
The required maintenance of the cryoplant imposes 

scheduling constraints to the high-energy physics cam-
paigns. In contrast to other post-accelerated RIB facilities, 

the cryomodules need to be warmed up and cooled down 
every year. This cycle, together with the required condi-
tioning and recommissioning of the SRF cavities that fol-
lows, takes several months. The high-energy physics cam-
paign typically starts as soon as the beam recommissioning 
is completed in mid-July and it ends when the injectors 
stop delivering protons in November.   

Beam Instrumentation  
The beam instrumentation of the REX linac was recently 

consolidated. Three new diagnostic boxes (Fig. 3) are now 
fully operational. Thanks to the new instrumentation and a 
new horizontal/vertical steerer, losses in the linac have 
been reduced by ~ 10 %. Silicon detectors have demon-
strated their value to characterize both the transverse and 
longitudinal space of very low-intensity beams, common 
in RIB facilities [36]. Hence, several additional ones have 
been installed in the HIE-ISOLDE linac and HEBT lines 
over the years. 

CONCLUSION 
The REX/HIE-ISOLDE linac has reliably delivered doz-

ens of RIBs to the users of the facility since 2016. How-
ever, in order to maintain the 90-95 % machine availability 
in the future, the REX RF systems (particularly the aging 
amplifiers and LLRF) will need to be consolidated. Reach-
ing the nominal accelerating gradient of the SRF cavities 
as well as extending the physics campaign beyond the cur-
rent four months per year remain a priority for the user 
community and will be necessary to keep the facility com-
petitive in the global context. 
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