
CERN MEDICIS facility for 
the production of medical 
research isotopes…  

et plus si affinité
Prof Dr Thomas Elias Cocolios 
Instituut voor Kern- en Stralingsfysica 
KU Leuven, Belgium

• Novel medical radioisotopes from ISOLDE 
• CERN MEDICIS 
• Exploring new opportunities



Research on novel medical radioisotopes from ISOLDE
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partially fulfilled by solutions based on scintilla-
tors/photomultipliers as in PET, especially due to 
the low energy resolution of scintillators and the 
relatively low (25–35%) quantum efficiency of the 
photodetector. A direct conversion solid state detec-
tor offers a much higher quantum efficiency and 
energy resolution and its granularity is now well 
within in the range of the necessary high spatial 
resolution, whereas its intrinsic efficiency does not 
create a severe DOI contribution, e.g. the mean free 
path of a 140.5 keV in CdTe is about 2.4 mm.

The major concern for the development of the 
next generation of PET systems for small-animal 
imaging is the improvement of sensitivity, always 
pushing the spatial resolution close to its intrinsic 
limit. On the other side, small-animal SPECT has 
almost reached its resolution limit of fractions of a 
mm. In this case, the main challenge is to increase 
the sensitivity and especially the field of view to 
obtain ultrahigh-resolution systems able to visual-
ise the entire animal in one shot.

Computed tomography (CT) is one of the most 
widely used techniques of noninvasive diagnosis, 
which provides a 3D map of the local X-ray attenu-
ation properties of the scanned patient. Dedicated 
scanners for small animals have been built in the 
last decades, with the main goal of obtaining a 
very high resolution, down to tens of microns, and 
a large field of view so that a scan of the entire ani-
mal can be performed in less than one minute. This 

is obtained by using X-ray tubes with a very small 
tungsten anode focal spot (¾10 micron) and low to 
medium X-ray energy (30-50 kVp). A large detec-
tor, such as magnified CCDs or a CMOS flat panel 
with a typical pixel size of 50 micron, is used com-
bined with high geometric magnification. The entire 
system rotates around the animal as in clinical CT 
in a cone-geometry configuration. Spiral CTs are 
also implemented. One critical issue for obtaining 
the design performance is that misalignments in 
the detectors are kept under strict control during 
the construction and the use of the CT. This can 
be done with various techniques, with and without 
special phantoms. A typical CT image of a mouse 
is presented in Figure 4.

CT for small animals can operate in step and 
shoot mode and in continuous mode. The stand-
ard way of reconstructing the image employs the 
Feldkamp algorithm, but iterative methods are 
being increasingly applied. The main issue with 
an animal CT is the high dose that is needed for 
obtaining the requested resolution, i.e. the quantum 
noise reduction. Hence dose limitation and increase 
speed of the examination, for instance for angiogra-
phy studies, are the main topics of research in this 
field. CT scans have mainly been used in connection 
with PET images for providing anatomical informa-
tion to be combined with functional imaging and 
for calculating the PET attenuation. However, they 
have also gained importance as a means of investi-
gation per se in the field of molecular imaging.

Figure 4.
a mouse: from left to right: CT, 

CT image, CT image volume 
rendering.



Nuclear vs Radiation Medicine
Radiation Medicine 

✦ External source (e.g. gamma 
rays, protons) 

✦ Non invasive 
✦ Tuneable 

- Accuracy affected by patient’s 
motion 

- Induces damage on its path 
- Limited to local targets (e.g. 

tumour)
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Nuclear vs Radiation Medicine
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Nuclear Medicine 

✦ Targeted 
✦ Whole-body coverage 
✦ Avoids healthy cells 

- Requires bespoke research for 
each case 

- Kidney / liver intake 
- Prolonged exposure passed the 

treatment
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Radioisotopes for nuclear medicine

Radioisotopes are attached to 
biomolecules used to target specific 
receptors in the body to image active 
areas, identify cells, or treat cancer. 

Medical radioisotopes have to answer 
many criteria: 
➡ available (production) 
➡ can be handled (half-life) 
➡ high benefit / low toxicity (decay 

modes, branching ratios, half-life, 
purity) 

➡ stable within the biomolecule

6

Cell
Marker

Antibody

Chelator

Radionuclide



Imaging in Nuclear Medicine
SPECT 

Single Photon Emission 
Computed Tomography 

✦ Low-energy gamma ray 
spectroscopy 

✦ Pb mask to guide orthogonal 
rays only 

✦ Gantry rotating around the 
patient to reconstruct 3D image
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Typical isotope: 99mTc



Imaging in Nuclear Medicine
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PET 
Positron Emission Tomography 

✦ Positron annihilation yields two 
gamma rays at 511 keV and 
opposite directions 

✦ Scintillators on opposite sides 
provide line to interaction point 

✦ Time difference allows to 
complete the 3D reconstruction

Typical isotope: 18F
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Treatment in Nuclear Medicine
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Alpha therapy 

✦ Short range 
✦ Large damage 
✦ Recoils break free from 

molecules 
✦ Dangerous to manipulate

Beta therapy 

✦ Range up to mm 
✦ Partial energy deposition 

requires higher dose for damage 
✦ Locked in the biomolecule 
✦ Easy to manipulate

Typical isotope: 
223Ra

Typical isotope: 
131I



Radioisotopes for nuclear medicine
Most of the radioisotopes used 
nowadays in nuclear medicine are 
produced in research reactors (e.g. 
BR2 in SCK•CEN, Mol, Belgium) or at 
cyclotron facilities directly on the 
hospital site. 

The choice of radioisotopes is limited 
to a handful — amongst the 3,000 
radioisotopes known across the 
nuclear landscape — mostly due to a 
source & demand conundrum.
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BR2 reactor at SCK•CEN, Mol

No production No test

No demand



Theranostics: a new concept
To best adapt the treatments to 
each patient, it is essential to be 
able to diagnose their condition 
accurately and to know the 
treatment reflects the diagnosis. 

By using different isotopes of the 
same element, the distribution of 
the active agent can be accurately 
understood to optimise the 
treatment and minimise the 
negative impact of the exposure to 
radiation.
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Existing knowledge 

13

Tb in the Pharmacopeia

— insert information here —



Tb from ISOLDE to PSI
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Tb collection are performed twice a year and shipped within 
the day to the Paul Scherrer Institute in Villigen

g-radiation (48.92 keV [17%], 57.19 keV [1.8%], and
74.57 keV [10%]) suitable for SPECT.
Beyer et al. reported promising therapeutic results for

149Tb-labeled rituximab in a mouse model carrying human
xenografts expressing the CD20 antigen (1). The same group
has proposed 152Tb as a radioisotope for kinetics studies with
PET (2). Our group has recently reported an efficient pro-
duction route for 161Tb that could be a better alternative to
the clinically used 177Lu (3). Thus, these 4 radionuclides of
one and the same element are suitable for all modalities of
nuclear imaging and radionuclide therapy, featuring identical
chemical characteristics and ultimately identical pharmaco-
logic characteristics of the corresponding radioconjugates.
The vitamin folic acid has successfully been used as

a targeting ligand for the selective delivery of attached probes
to folate receptor (FR)–positive cancer cells (4–6). For a proof of
concept of the utility of these 4 radionuclides, we took advan-
tage of a recently developed novel DOTA–folate conjugate
comprising an albumin-binding entity (cm09) (Fig. 1).
This folate conjugate has been successfully used for

targeting of the tumor-associated FR in preclinical studies
(7). Because of its extended blood circulation, as a conse-
quence of its plasma protein binding, the biologic half-
life of cm09 matches well with the physical half-lives of
the longer-lived terbium-radioisotopes.
Herein, we report the first, to our knowledge, in vitro and

in vivo study with 4 terbium radionuclides. They have been
investigated with the same targeting molecule—a novel FR-
targeting folate derivative cm09—and an identical tumor
model for their applicability for PET and SPECT as well
as for targeted a- and b2-radionuclide therapy in FR-pos-
itive tumor-bearing mice.

MATERIALS AND METHODS

Production of 149Tb, 152Tb, and 155Tb
149Tb, 152Tb, and 155Tb were produced by high-energy proton-

induced spallation of tantalum foil targets. The spallation products

were released from the hot target ionized by a surface ionization
source and mass separated at the online isotope separator ISOLDE
(CERN). The ionized products were separated according to their
mass-to-charge ratio as previously reported by Allen et al. (2,8).
The spallation products of mass numbers 149, 152, and 155 were
collected on a zinc-coated gold foil. After dissolution of the zinc
layer in 0.1 M HCl, the terbium radioisotopes were separated from
isobar and pseudoisobar impurities and stable zinc. Cation ex-
change chromatography was performed using a self-made column
(dimensions, 50 · 5 mm) filled with a strongly acidic cation ex-
changer similar to that previously described (2,3). A solution of
a-hydroxyisobutyric acid adjusted with ammonia to pH 4.75 was
used as an elution agent. To avoid time-consuming additional
steps for preconcentration by evaporation and therefore to min-
imize loss of radioactivity, the fractions of terbium radioisotopes
(obtained in less than 1 mL of a-hydroxyisobutyrate solution
[;0.15 M]) were directly used for radiolabeling of the folate
conjugate (cm09).

Production of 161Tb
The production of no-carrier-added 161Tb was recently reported

by Lehenberger et al. (3). Briefly, highly enriched 160Gd targets
were irradiated during 2–3 wk at the spallation-induced neutron

TABLE 1
Decay Characteristics of Terbium Radionuclides Useful for Medical Application (Main g-Lines Are Given)

Nuclide Decay mode and branching T1/2 Ea (MeV) Ebav (MeV) Eg (keV) Ig (%) Application

149Tb a (16.7%), b1 (7.1%) 4.12 h 3.967 0.730 165.0 26 a-therapy
352.2 29
388.6 18
652.1 16

152Tb b1 (17%) 17.5 h — 1.080 271.1 8.6 PET
344.3 65
586.3 9.4
778.9 5.8

155Tb EC (100%) 5.32 d — — 86.55 32 SPECT
105.3 25
180.1 7.5
262.3 5.3

161Tb b2 (100%) 6.89 d — 0.154 25.65 23 b2-/Auger therapy
48.92 17
57.19 1.8
74.57 10

FIGURE 1. Chemical structure of terbium-cm09 comprising 3
functionalities: black indicates folic acid as targeting agent; green,
albumin-binding entity to prolong blood circulation time; and red,
terbium radioisotope stably coordinated by a DOTA chelator. Tb 5
terbium.
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In the case of 161Tb-cm09, tumor growth was clearly reduced
in all mice, compared with the untreated controls (group c,
Fig. 4B). Only 1 mouse (d4) experienced tumor escape,
whereas the other 4 mice showed complete tumor remission.
In both groups of mice treated with either 149Tb-cm09

(group b) or 161Tb-cm09 (group d), a slight body weight loss
was observed within the first 6–7 d after therapy, compared
with continuous weight gain in untreated control mice (groups
a and c) (Figs. 5A and 5B). However, none of the mice
reached the endpoint criterion. In contrast, about 2 wk after
the start of the therapy, the averaged relative body weight
reached the level of the body weight at day 0.
In the a-therapy study, the average survival of control

mice (group a) was 32 d. The animals (a1–a3) had to be
euthanized at days 28, 32, and 36 after therapy because the
tumor size criterion had been exceeded (Fig. 5C). In the case
of mice treated with 149Tb-cm09 (group b), the survival time
was significantly prolonged (P, 0.05). The animals (b1 and
b2) had to be euthanized at days 42 and 56 after therapy

because of tumor size. Mouse b3 showed complete remission
and hence was still alive without detectable tumors at the end
of the study at day 56 (Fig. 5C).

In the b2 therapy study, the average survival of control
mice (group c) was 28 d. The animals (c1–c5) had to be
euthanized between day 24 and day 30 because of oversized
tumors (Fig. 5D). Again, a significantly longer survival
time (P , 0.005) was observed in mice treated with
161Tb-cm09 (group d). Only 1 mouse (d4) had to be eutha-
nized because of a large tumor burden at day 38. The
remaining 4 mice of group d (d1–d3 and d5) experienced
complete tumor regression, and thus all of them were alive
at the end of the study at day 56.

DISCUSSION

The b2- and Auger-electron emitter 161Tb is an interesting
alternative to 177Lu, which is in routine clinical use (e.g.,
177Lu-DOTATATE (3,12,13)). The production of the novel
therapeutic b2-emitter 161Tb has recently been reported by

FIGURE 3. (A) PET image of Derenzo
phantoms (;1.9 MBq of 152Tb). (B and C)
SPECT images of Derenzo phantoms (;0.6
MBq of 155Tb and ;50 MBq of 161Tb, re-
spectively). (D) PET/CT image of KB tu-
mor–bearing mouse at 24 h after injection
of 152Tb-cm09, (E and F) SPECT/CT images
of KB tumor–bearing mice at 24 h after in-
jection of 155Tb-cm09 (E) and 161Tb-cm09
(F). K 5 kidney; T 5 KB tumor xenograft.

TABLE 3
Set-up of a-Therapy Study Using 149Tb-cm09 and b2-Therapy Study Using 161Tb-cm09 in KB Tumor–Bearing Nude Mice

Therapy study Mouse identification Test agent Injection protocol Amount of radioactivity

a
Control group a1, a2, a3 PBS Days 0 and 4 —
Treated group b1, b2, b3 149Tb-cm09 Days 0 and 4 1.1 and 1.3 MBq

b2

Control group c1, c2, c3, c4, c5 PBS Day 0 —
Treated group d1, d2, d3, d4, d5 161Tb-cm09 Day 0 11 MBq

*Irradiation of even highly enriched 152Gd targets would presumably result in only moderate yield and quality of 149Tb because of
concomitant production of side products (150Tb, 151Tb) and 149mTb.
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Figure 4. Results of FR-targeted radionuclide α-therapy using 149Tb-cm09 in KB  
tumor-bearing mice. (A) Graph of the average relative tumor volume (RTV) of mice from 
each group (n = 4) during the time period when at least 3 mice were still alive; (B) Survival 
curves of mice from each group (group A: 21 d; group B: 30.5 d and group C: 43 d). 

 

Analysis of blood plasma parameters (BUN, ALP and TBIL) did not reveal significant changes  
(p > 0.05) among control mice and mice treated with 149Tb-cm09 (Table 2). This analysis indicated 
unimpaired renal and hepatobiliar function. Hence, it can be concluded that acute radiotoxic effects to 
the kidneys and the liver were not experienced by FR-targeted α-radionuclide therapy over the whole 
time of this study which lasted for 35 days. More detailed studies to investigate effects of 149Tb-cm09 
on kidney function will be necessary since undesired side-effects on the long-term cannot be excluded 
based on the examinations performed herein. 

Table 2. Results of plasma analysis at day 14 and before terminal (in parentheses);  
(BUN = blood urea nitrogen, ALP = alkaline phosphatase, TBIL = total bilirubin). 

 BUN [mmol/L] ALP [U/L] TBIL [μmol/L) 
Group A 7.0 ± 1.8 (4.1 ± 0.5) 77 ± 10 (99 ± 16) 6.5 ± 2.5 (6.3 ± 1.0) 
Group B 4.6 ± 0.6 (4.7 ± 0.4) 67 ± 5 (119 ± 7) 7.6 ± 4.7 (6.0 ± 1.0) 
Group C 5.2 ± 1.3 (5.9 ± 1.4) 75 ± 14 (73 ± 21) 7.0 ± 0.8 (5.0 ± 1.0) 

Overall the present results outperformed our previous data which were obtained upon 
administration of two injections of 149Tb-cm09 at low quantities of radioactivity (1.1 MBq and  
1.3 MBq, respectively) [7]. Compared to our previous therapy study, the present study design differed 
in that the mice received the whole amount of radioactivity in a single injection of either 2.2 MBq 
149Tb-cm09 (group B) or 3.0 MBq 149Tb-cm09 (group C). 

Beyer et al. conducted an experiment where 149Tb-labeled rituximab (5.5 MBq per mouse) was 
investigated in a leukemia animal model using SCID mice with an intravenous graft of Daudi cells [5]. 
Their aim was to examine the efficacy of 149Tb-rituximab to specifically kill circulating single cancer 
cells or small cell clusters in vivo. The therapy was started within 3 days upon intravenous 
xenografting of a lethal number of Daudi cells when most of the tumor cells were expected to be still 
in circulation [5]. Whereas untreated control mice had to be euthanized within the first 37 days a 
tumor-free survival was found for over 120 d in almost 90% of the 149Tb-rituximab treated animals. 
Since application of the same amount of unlabeled rituximab did not show a therapeutic effect, the 



Alpha cancer therapy
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Letter of Intent to the ISOLDE and Neutron Time-of-Flight Committee 
 

Radium and Francium beam tests to produce 225Ac/ 213Bi generators at CERN-MEDICIS 
 

14 October 2015 
 
 
F. Bruchertseifer1, A. Morgenstern1, Y. Martinez2,3, T. Cocolios2, T. Stora3 and the CERN-
MEDICIS collaboration 
1

 JRC-ITU, Karlsruhe, Germany 

2 KULeuven, Leuven, Belgium 

3 CERN-MEDICIS project, CERN, Switzerland 
 
 
 
 
 
 

 
Spokesperson(s):   F. Bruchertseifer (Frank.Bruchertseifer@ec.europa.eu) 
Co-spokesperson: T. Stora    (Thierry.Stora@cern.ch) 
Local contact:       Y. Martinez   (Yisel.Martinez@cern.ch) 

 
 
 
 
 

Abstract 
 

In this Letter of Intent, we propose to test 225Fr/Ra beam intensities achieved with UCx and 

ThCx targets and surface ion sources at Isolde, as possible isotope sources to build 

generators of 225Ac/213Bi for targeted alpha therapy trials within the forthcoming CERN-

MEDICIS facility. The present LoI brings together a long-standing expertise in the 

manufacturing of 225Ac/213Bi generators at JRC-ITU and the capabilities of producing 

intense beams of 225Fr/Ra at CERN, with 1.4GeV proton from PSB and thick uranium and 

thorium refractory targets. 

I164 
Data collection is ongoing 
one target after the other…

Future ideas 
Laser ionisation of Ra 

Direct production of Ac



CERN MEDICIS: MEDical Isotopes Collected from ISolde
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Free beam for “free” radioisotopes at CERN
• 80% of the proton beam 

goes through the ISOLDE 
target unaffected 

• That beam is then sent 
onto another target 

• The target can be removed 
from the target area 
towards a Class A 
laboratory (video) 

• An off-line separator is 
used to extract 
radioisotopes of interest
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CERN-MEDICIS from A to Z
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CERN-MEDICIS: the ion source
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GND
          + 30-60 kV 

CATHODE (LINE)
~ 330 A

T ~ 2000 C

Ga ionization scheme
RILIS TiSa/dye + 
Nd:YAG 532 nm

ANODE
> +100 V : VADIS + RILIS ions
< +10 V:  RILIS ions only

Ga
 atoms

Magnet: 0 - 300 Gauss 

Figure 1: VADIS principles and new operational modes.

denum rather than graphite components. This modification was
implemented because of the apparent sensitivity of the FEBIAD
to an outgassing of CO [2, 9]. As such, the results presented
here are expected to be equally applicable to FEBIAD variants
used at radioactive beam facilities across the world.

The ISOLDE RILIS, described by Rothe et al. in these pro-
ceedings (Rothe), uses tunable lasers, to target a progressive
series of atomic resonances before a final ionizing transition,
either to an autoionizing state or non-resonant ionization to
the continuum. The lasers are pulsed with a repetition rate of
10 kHz, which is well suited to the mean e↵usion time of 100 µs
for atoms along the length of the hot cavity. During this time the
cavity walls confine the atoms, providing a complete overlap of
the RILIS lasers with the reaction products. The geometry of
the VADIS anode cavity limits the laser-atom overlap region to
just 7 % of the anode volume, however, the mean atom resi-
dence time within this volume is expected to be of the order of
10 ms [6], two orders of magnitude longer than for the hot cav-
ity. Correspondingly, neglecting wall sticking times, there will
be two orders of magnitude more laser pulses passing through
the cavity during the transit of reaction products.

3. Experimental set-up

Here we describe only the experimental setup used for the
first VADLIS tests, which were conducted at the ISOLDE o↵-
line separator. This is representative of the setup used for the
subsequent tests performed at the o↵-line separator and also at
the ISOLDE GPS separator (o↵-line and on-line). Any signifi-
cant di↵erences in the experimental setups are highlighted indi-
vidually. The o↵-line facility is a replica of the ISOLDE on-line
front-end, attached to a dipole separator magnet capable of sin-
gle atomic mass unit resolution. For simplicity, the ionization of
gallium in the VADIS anode cavity was investigated during all
tests at the o↵-line separator. Gallium ionization in both the hot
cavity (surface and laser ionization) and the Laser Ion Source
Trap (LIST) [11] has been well characterised. The ionization
potential (6 eV) ensures that Ga is surface ionized at typical op-
erating temperatures of 2000 � C, but with low e�ciency (¡1%),
thereby providing a reliable benchmark with which to judge the
relative e�ciencies of other ionization methods. The boiling
point of 2205 � C and the natural isotope abundance signature
make it a reliable and easily identifiable beam for ion source
development work. Furthermore, the two-step laser ionization

scheme 294nm—532nm requires only one tunable RILIS laser.
The experimental setup is summarised in Figure 2 below.

Figure 2: Experimental setup used at the during tests at the ISOLDE o↵-line
separator

Light from a Ti:Sa laser was frequency tripled to produce the
first step of 294 nm. A frequency doubled Edgewave Nd:YAG
laser was used for the non-resonant final step at 532 nm. The
wavelength of the Ti:Sa was monitored using a High Finesse
WS6 wavemeter. The lasers were directed through the exit aper-
ture of the anode of a VADIS. A sample of stable gallium was
evaporated from a resistively heated mass-marker attached at
the rear of the ion source. The laser parameters were main-
tained constant whilst the VADIS parameters (anode voltage,
cathode heating, magnetic field strength) were varied to deter-
mine the optimal conditions for the extraction of laser-ions. At
the o↵-line separator, the target and ion source is held at 32 kV
so that the grounded extraction electrode, located downstream
of the anode aperture, accelerates the ions, creating a 32 keV
ion beam.

A LeCroy Waverunner 104MXi oscilloscope was synchro-
nised with the 10 kHz laser trigger and configured to build up
a time structure histogram of the signal from a microchannel
plate (MCP) over a time period equivalent to hundreds of thou-
sands of laser pulses. The ion current incident on the MCP
was limited to below 1 pA, for ion currents in excess of 1 pA
a Faraday cup was used as a more robust measurement device
but without the time resolution capabilities of the MCP.

Further o↵-line testing and on-line operation took place at
ISOLDE, details of the facility can be found in the paper of
Borge. M in these proceedings (reference Maria).

4. O↵-line testing and characterization

With the lasers directed into the VADIS anode for resonance
ionization, the gallium ion beam extracted from the VADLIS is
ionized by up to three distinct processes: electron impact ion-
ization, surface ionization and resonance laser ionization. At a
constant cathode temperature, adjusting the anode voltage in-
fluences both the total ion quantity and the relative contribution
from each ionization process. Operation in the 1-5 V region of-
fers a selective mode of laser ion extraction, where only laser
and surface ionization is observed. A su�cient positive volt-
age on the anode grid provides active suppression of surface
ions ionized outside the anode cavity, leaving only the internal

2

CERN-MEDICIS will use an ISOLDE-type 
target-ion-source module. For versatility, the 
choice of ion source is the VADIS, a plasma 
ion source that has demonstrated high 
efficiencies. 
Recent developments by the ISOLDE Target 
Group, RILIS, and Windmill Collaboration 
have combined VADIS with laser ionisation. 
Further simulation and characterisation of 
this ion source are ongoing by a KU Leuven 
PhD student at CERN.



CERN-MEDICIS: the separator
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Figure 2. Due to the high activity of the targets the mass separator is surrounded by

heavy concrete used for shielding. The mass separator is separated from the target

storage area by a steel shielded door which has a small window that the robot will

open to pass the target through. The mass separator system works to remove the

isotopes from the targets. The systems includes a electrostatic acceleration stage [1]

that ionises the isotopes by stripping them of their electrons. Techniques that have

been developed by ISOLDE give a high degree of accuracy to ionisation and mass

separation leading to high precision in isobars.

Figure 1: Target storage area

Figure 2: MEDICIS collection area

10

• Physical constraints: fitting three collection chambers in the small space will

shape what system is feasible

• Cost: safety is the first priority and decisions my have to made to compromise

the medical research in favour of safety due to a limited budget

• Engineering: the feasibility of a system being able to work in practice. For

example, Lead is heavy therefore it may need a lot of support

• CERN standards: to allow for in-situ maintenance and operation of the equip-

ment

• Adaptability: the MEDICIS project has many collaborators and additional

collaborators are coming on-board all the time, therefore the system should

be as flexible as possible to suit many di↵erent needs

Figure 3: 2D building plans

12

Dipole magnet & switchyard from 
the LISOL separator, used for 40 
years in Louvain-La-Neuve!

New collection chamber 
prototypes.



CERN-MEDICIS: Radiochemistry
• The CERN MEDICIS collection 

hall will be equipped with 
shielded glove boxes. 

• CERN is building up the 
knowledge around the use of 
these devices. 

• Basic operations will be 
performed to provide medical 
teams with useable liquid 
samples. 

• A large hot cell has also been 
installed to begin the dismantling 
of the accumulated ISOLDE 
targets.

21



MEDICIS timeline
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Ground breaking 
3 Sept 2013

Building delivered 
15 Oct 2014

Separator delivered 
28 June 2016



MEDICIS timeline
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Ground breaking 
3 Sept 2013

Building delivered 
15 Oct 2014

Separator delivered 
28 June 2016

Commissioning 
planned for 2017



MEDICIS-Promed
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A Horizon2020 Marie Skłodowska-Curie Actions:  
Innovative Training Network

— CERN — The University of Manchester — University of Mainz —  
— AAA — C2TN — CNAO — Lemer Pax — KU Leuven —  

— CHUV — HUG — EPFL — Medaustron —  
— Oxford University Consulting — ARRONAX — ILL — 
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Internal Note  CERN-ACC-NOTE-2014-0019 
 

Table 2: Isotope production at CERN MEDICIS. 

Medical 
 

Application 

Isotope 
half-
life 

Parent 
isotope 
beam 

Target 
- 

Ion source 

ISOLDE† 

RIB 

Ήext** 
 (%) 

CERN-MEDICIS† CERN-MEDICIS 2GeV 6PA 

Comments 

In-target 
In-target 

ActivityEOB  
(Bq) 

Extracted 
Activity# 

EOB (Bq) 

Possible 
gain  

Ήext (%) 

 
In-target 

Activity EOB/ 
Extracted Activity# 

EOB (Bq) 

Production 
rate (pps) 

ActivityEOB  
(Bq) 

΅ǰΆ- therapy/ 
SPECT/dosimetry 

213Bi 
45.6m 

225Ac UCX-Re 1.5E9* 7.2E8 
221Fr 

10 
2.8E8 2.8E7 50 8.4E8 4.2E8 

Only mass 
separation 

΅ǰΆȱ������¢ 
212Bi 
60.6m 

224Ac UCX-Re 1.5E9* 1.4E9 
220Fr  

10 
1.7E9 1.7E8 50 5.1E9 2.5E9 

Only mass 
separation 

Άȱ������¢ 
177Luȱ
6.7dȱ

177��ȱ
RILIS/VDȱ

��-��Ȧȱ
��-VD5ȱ

3.3E9ȱ 7.4E8ȱ
177Luȱ
1ȱ

6.4E8ȱ 6.4E6ȱ 20ȱ 8.3E8ȱ 1.7E8ȱ
��������ȱ
������������ȱȱ

Auger therapy 
166Yb 
56.7h 

166Yb Ta-Re 1.4E10 5.4E10 
166Yb 

5 
4.1E10 2.1E9 20 5.4E10 1.1E10 

Chemical 
purification 

Άȱ������¢ 
166
�ȱ
ŘśǯŞ�ȱ

166
�ȱ ��-��ȱ 1.4E7ȱ 1.2E7ȱ
166
�ȱ
5ȱ

9.6E6ȱ 4.8E5ȱ 20ȱ 2.9E7ȱ 6.0E6ȱ
Chemical 

purificationȱ

Ά-Ȧ�����ȱ������¢ 
161Tbȱ
6.9dȱ

161Tbȱ UCX-��ȱ 2.1E7ȱ 2.7E7ȱ
161Tbȱ
5ȱ

1.9E7ȱ 9.5E5ȱ 20ȱ 2.7E7ȱ 5.4E6ȱ
Chemical 

purificationȱ

Ά-ȱ������¢ 
156Tbȱ
5.35dȱ

156Tbȱ ��-��ȱ 2.5E8ȱ 8.9E7ȱ
156Tbȱ
1ȱ

5.5E7ȱ 5.5E5ȱ 20ȱ 6.3E7ȱ 1.3E7ȱ
Chemical 

purificationȱ

SPECT 
155Tb 
5.33d 

155Dy/ 
Tb 

Ta-Re 
3.2E9/ 
7.4E8 

7.9E9 
155Dy 

1 
5.3E9 5.3E7 20 3.4E9 6.8E8 RILIS Dy 

Άȱ������¢ 
153Sm 
46.8h 

153Sm UCX-Re 1.5E8 2.2E9 
153Sm 

5 
2.8E9 1.4E8 20 5.2E9 1.0E9 

Chemical 
purification 

PET/CT 
152Tb 
17.5h 

152Dy/ 
Tb 

Ta-Re 
1.3E10/ 
3.3E9 

5.6E10 
152Dy 

1 
3.7E10 3.7E8 20 1.1E11 2.2E10 RILIS Dy 

΅ȱ������¢ 
149Tb 
4.1h 

149Tb Ta-Re 1.1E10 6.0E10 
149Tb 

1 
3.8E10 3.8E8 20 1.2E11 2.4E10 

Chemical 
purification 

140Pr-PET/ 
Auger therapy 

140Nd 
3.4d 

140Nd Ta-Re 1.8E9 2.0E10 
140Nd 

5 
1.2E10 6.0E8 20 2.0E10 4.0E9 

Chemical 
purification 

Ά- therapy 
89Sr 

50.5d 
89Sr UCX-Re 1.2E10 2.3E9 

89Sr 
5 

2.0E9 1.0E8 20 2.7E9 5.4E8 
Only mass 
searation 

PET 
82Sr 

25.5d 
82Sr UCX-Re 3.6E10 4.6E9 

82Sr 
5 

1.7E9 8.5E7 20 2.0E9 4.0E8 
Only mass 
separation 

Ά- therapy 
77As 
38.8h 

77As 
UCX-

VD5 
5.7E9 1.1E10 

77As 
5 

5.8E9 2.9E8 20 9.4E9 1.4E9 
Chemical 

purification 

PET 
74As 
17.8d 

74As 
Y2O3 

-VD5 
6.5E9 1.2E9 

74As 
5 

3.8E8 1.9E7 20 4.5E8 9.0E7 
Chemical 

purif 

PET 
72As 
26.0d 

72As 
Y2O3 

-VD5 
1.6E10 2.8E10 

72As 
5 

9.1E9 4.6E8 20 1.5E10 3.0E9 
Chemical 

purification 

PET 
71As 
65.3h 

71As 
Y2O3 

-VD5 
1.8E10 1.8E10 

71As 
5 

5.9E9 3.0E8 20 8.0E9 1.6E9 
Chemical 

purification 

Άȱ������¢ 
67Cu 
61.9h 

67Cu UCX-Re 2.7E9 3.4E9 
67Cu 

7 
1.5E9 1.1E8 20 2.7E9 5.4E8 

Chemical 
purification 

���ǰȱ��������¢ǰȱ
therapy 

64Cu 
12.7h 

64Cu 
Y2O3 

-VD5 
1.1E10 2.3E10 

64Cu 
5 

7.1E9 3.6E8 20 2.1E10 3.6E9 
Chemical 

purification 

PET 
61Cu 
3.3h 

61Cu 
Y2O3 

-VD5 
7.7E9 1.7E10 

61Cu 
5 

5.1E9 2.6E8 20 2.1E10 4.0E9 
Only mass 
separation 

Άȱ������¢ 
47Sc 
3.4d 

47Sc Ti 6.4E10 5.0E10 
47Sc 

5 
4.2E10 2.1E9 20 5.9E10 1.2E10 Evaporation 

PET 
44Sc 
4.0h 

44Sc Ti 4.4E10 6.6E10 
44Sc 
6.4 

5.7E10 2.9E9 20 1.6E11 3.2E10 Evaporation 

PET 
11C 

20.3m 
11CO 

NaF-LiF-

VD5ǐ 
- - 

- 
15 

- 1.4E9 - - 4.2E9 
Only mass 
separation 

4 



Beyond novel medical radioisotopes
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CERN MEDICIS Operation
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• The production of radioisotopes at CERN MEDICIS is 
foreseen to last 30 weeks per year. 

• Medical radioisotopes have priority. 
• A board will decide of the science cases and a coordinator 

will make up the schedule. 
• Activities will be reported via the INTC to the CERN 

Research Board. 
• High-dose samples will be collected (much higher than at 

GLM, up to 10 GBq!) => Access will have to be limited to 
highly trained specialists.



Alternative use of the separator
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• The off-line separator may also be used to separate other 
samples rather than just targets irradiated at ISOLDE, e.g. 
discussions are open with nToF for the purification of 204Tl 
targets (contains >95% 203Tl). 

• During LS2, targets irradiated at other facilities could be 
brought to CERN MEDICIS to keep the activity going (e.g. 
from ARRONAX in Nantes, France, or iThemba LABS in 
South Africa). 

• Any other element that may be produced at ISOLDE and 
which half-life is not too short is potentially accessible.



Mössbauer wish list…
57Co 

✦ 272 day half-life 
✦ Online yields of 3x106 (ZrO2) to 

107 (Y2O3) ions per uC from a 
plasma source (MK5 or VADIS) 

✦ Laser excitation schemes exist 

- Possible contamination: 57Fe 
(stable) produced via plasma 
ionisation

29

119mSn 
✦ 293 day half-life 
✦ Online yields unknown but 

would expect ~107 ions per uC 
✦ Possible targets include LaC, Ta 

and UCx 
✦ Laser excitation schemes exist 

- Possible contamination: 119gSn 
(stable) 

➡ RILIS in narrow-band mode for 
isomer separation?



119gSn vs 119mSn
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Not super convincing



The development of novel medical radioisotopes for 
theranostics & alpha therapy requires to provide a 
catalog of radioisotopes for research. 

CERN MEDICIS is a new offline separator for parasitic 
operation next to ISOLDE, which will provide isotopes for 
medical research 30 weeks per year. 

Alternative use of this separator can be foreseen, of 
potential interest to other communities, though the specific 
requirements for each sample must be considered. 

Operation & safety are also concerns that must be 
evaluated carefully.


