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Nuclear physics and nuclear scale
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Aim of nuclear physics: Angstrom ¢
- unravel fundamental properties of nuclei from 10-15 m
their building blocks, protons and neutrons femtometer _ 4418

- determine emergent complexity
in realm of strong interaction from
underlying quark and gluon degrees of freedom
of Quantum Chromodynamics 2




Nuclear physics at CERN
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Open questions in low-energy nuclear physics

e How can we describe the rich variety of low-energy 2 kinds of interacting fermions:
structure and reactions of nuclei in terms of the fun- Protons and neutrens
damental interactions between individual particles?

¢ How can we predict the evolution of nuclear collective
and single-particle properties as functions of mass,
iIso-spin, angular momentum and temperature? ®

* How do regular and simple patterns emerge in the

structure of complex nuclei? e

Superheavy island
of stability

="

Proton number

How to answer the questions:
Study nuclei with very different
numbers of protons and neutrons

o

e

Neutron dripline
(edge of nuclear stability)

But how to produce them?
(NUPECC long-range plan 2010 and 2017)

{_ Neutron number }
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https://www.nupecc.org/?display=pub/publications

RIB facilities

® Two main types of (complementary) RIB facilities:

|SOL Thick RIB:

production Radioactive lon Beam
target

Rare Isotope Beam

Experiment
Driver accelerator
Light beam . Experiment
lon |zotope "'a..
source separator A"
Fost-accelerator
In-Flight  Thin
g production Experiment

target

Experiment

Driver accelerator Fragment *
heavy beam separator

Gas Isotope  Post-accelerator
lon-stopper separator
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RIB facilities comparison

Projectile light heavy

Target thick thin
lon beam energy
Beam intensity
Variety of nuclides

Release from target

Beam quality

Examples ISOLDE@CERN, GANIL,
SPIRAL2@GANIL, GSI/FAIR,
ISAAC@TRIUMF RIBF@RIKEN,
FRIB@MSU




What is ISOLDE?

The On-Line Isotope Mass Separator ISOLDE is a facility
dedicated to the production of a large variety of
radioactive ion beams (RIBs)

Isolde history
Dec 1964: CERN approves the online separator project




1972: SC Improvement Program — doubles
the intensity
(now quite a nice museum)

1976: New experiments in ISOLDE Il

June 1983: ISOLDE Ill approved —
two-stage high resolution separation
using two magnets

Dec 1990: The Synchrocyclotron
beam ends

ISOLDE moves to PS booster to
utilize CERN'’s spare proton
capacity...




ISOLDE at CERN

¥ Isotope Separator OnlLine DEvice

@ First ISOL facility worldwide!

€ Produces Radioactive lon Beams (RIBs)

€ Approved by the CERN council in 1964
@ 1st used 600 MeV protons from SC

@ Then used 1.0 GeV (later 1.4 GeV)
protons from the PSB

€ A small facility with a big impact!
@ 0.1% of CERN budget
& 7% of CERN scientists
@ 50% of CERN proton pulses
& 80% of CERN protons

http://timeline.web.cern.ch/timelines/ISOLDE



http://timeline.web.cern.ch/timelines/ISOLDE

Why at CERN?

1.4 GeV

3.3 x 10" protonsiper pulsé
-TEUR f
39
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Production: Modern-day alchemy

®High energy (1.4 GeV) protons are impacted
onto a thick target e.g. 238U

®The protons split up the heavy nucleus to
produce a wide variety of nuclei
simultaneously

Spallation

®Requirements for experiment:
@ High production
€ Pure radioactive beams: 1 kind of isotope

Fission

&®There are 3 stages of preparation
€ Production
®lonization

‘SeparatiOn y&‘ a2cg



Productlon Targets

(] Rad|0|sotopes
O lons

Standard ISOLDE target unit

with surface ion source

*picture and animation courtesy of M. Delonca

€ Over 120 materials have been tested and/or used as ISOL targets
@ Choice of target material and ionizer dependent on radioactive beam of interest

& Target material and transfer tube heated to 1500 - 2000 degrees
€ Operated by robots due to radiation



Hot-cavity

lon Sources

W heated at > 2000 C
High ionization efficiencies for some nuclei

" laser beams

experiments

®projectiles J target material @neutrals W ions

i

excited states

ground State



ISOLDE Robots




Nuclear chart for ISOLDE

ISOLDE today offers the largest range of

available isotopes of any ISOL facility

worldwide.

» 1200 isotopes of ~73 elements

» Rich playground for fundamental studies
using hyperfine Interactions

» Novel (and sometimes unique) isotopes
which utilize hyperfine Interactions for
solid state and biophysics.
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Low-energy installations

nuclear physics, condensed matter, fundamental
WISArD interactions, chemistry, biology, medicine...

Scalar and tensor
currents in weak

MEDICIS

Medical isotopes research

Condensed-matter
physics

Emission channeling,
perturbed angular

correlations, Mossbauer,
isotope collections....

F

—

Protons

Travelling setups

interactions: Bv(0) GPS
VITO e =R E HRS
Laser-polarised beams — SR |
for nuclear physics, m 11 ‘
chemistry and biology '
using B-NMR etc.
TAS
Total absorption U m il
e E =
spectrometer for ; . i : &
B-decay feeding | <«
ISOLTRAP
IDS Precis
_ recision
Decay station for auclear
a,B,y and neutrons acces

MIRACLS

COLLAPS MR-TOF

CRIS  Laser spectroscopy:
nuclear charge radii and
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High-energy installations

An accelerator of Radioactive lon Beams (RIB’s
( ) 40-60 keV

Now 3 experimental set-ups available RIB from ISOLDE

2015-2018: HIE-ISOLDE
superconducting LINAC
accelerates RIB’s

up to 9.5 MeV/nucleon

& SEC + J
movable ISOLDE Solenoidal

set-ups Spectrometer (ISS)




Research with radioactive beams at ISOLDE

Search for beyond
Astrophysics Standard model
physics

Nuclear physics

and Material science
atomic physics

Radioisotopes for
medical
applications

Life sciences and
biophysics




Beam pie 2022

Miniball
Biophysics 5%
7%

Solid state
7% HIE ISOLDE

28%

Nuclear structure from ground state
properties
16%

Nuclear structure beta decay Medical physics
15% 2%

Medical physics B Nuclear structure beta decay B Nuclear structure from ground state properties M Solid state Biophysics Coordinator reserve ISS Miniball XT03




Laser spectroscopy and nuclear properties

Lasers allow studying ground-state (and isomeric) properties of nuclei, based on:

Atomic hyperfine structure (HFS) Isotope shifts (IS) in atomic transitions

(interaction of nuclear and atomic spins) (change in mass and size of different isotopes of
the same chemical element)

@® HFS details depend on:

» Spin -> orbit of last proton&neutron ® IS between 2 isotopes depends on:

» difference in their masses & charge radii

E)
Po

» Magnetic dipole moment -> orbits
occupied by protons&neutrons ﬂ

» Electric quadrupole moment -> /’\! 1%pg
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Shape staggering of mercury isotopes with RILIS
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Protons Non-resonant 02}
: T ionization step . _
. Y = . —
i b L S Ho: (f3)"= 0313
) 2 A 5 00}
' VADLIS GPS 313.18 nm Freguency
lon source Magnet s, O
1 A
\ Spectroscg_pic -0.2
xtractor 1 transition| 253.65 nm
v | Molten SoT— Tttt o«
Pb target Windmill E -0.4
o)
Radioactive decay =
spectroscopy <.
o, < -0.6
)" ? o of =
Faraday ? 190 /2
Cup O . o8l Hg: (p2%=0.174 |
lon current | |
measurement _?_
=E ~1.0
Contaminant MR-ToF MS This work, gsfis ® O
/ species * Time-of-flight mass 42t Previous work, gs/is @ O |
Isotope
o :fc‘;‘r?m Et spectrometry 176 178 180 182 184 186 188 190 192 194 196 198
interest E’E Mass number
T 8. % s -
H : 177
3 | i 1 [
o JL | i '
= s e I OO ... ..
' ' —16,000 0 16,000

Nature Physics 14, 1163 (2018) .
Laser frequency detuning (MHz)


https://www.nature.com/nphys

Penning-trap mass spectrometry

® Penning trap
» superposition of static magnetic and electric field
» lon manipulation with radiofrequencies
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Free cyclotron frequency is inversely
proportional to the mass of the ions! a)c — qB / m



Masses around 199Sn with ISOLTRAP
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2 neutron separation energy

99|n+

AN\ .

103 7 ‘ 80g, 19+
102é
10’ f |
23.9620 23.9625 .9636

e
23.9635

Time of flight (ms)

23.9640

9
O 2,(Z Ny) @ This work + ref. *
8 - @ 4,(Z N,+2) O This work + ref. >
7_
6 - N, =28 N, =50
3 5
=
5 4 - 1.75
=1
5 1.25 -
075
2 44 45 46 47 48 49 50,
1 - WT\.A
0"‘l""I""\""\""I""\“"I‘
20 25 30 35 40 45 50
4

: RFQ cooler and buncher

Y o -l @ o (1]

HV platform at 40 kV

3.2 keV

MR-ToF MS

Nature Physics 17, 1099 (2021)

Position-sensitive %

MCP

Measurement
Penning trap

Preparation
Penning trap

;

A

3

NN

gy == <100 eV


https://www.nature.com/nphys

Decay spectroscopy

® Different detectors to sensitive to emitted:
» Alpha particles
» Beta particles
» Gamma rays
» Protons or neutrons
® Isolde Decay Station

® soon: polarised beams at VITO
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Coulomb excitation

Ge v detectors AE-E detector
Beam dump
Po PPAC detector
HIESOpE (_ 2iZL L — 1 | W P ;
ISOLDE E up to 10 MeV/u -
target Beam
Beam impurities
Excitation of a projectile nucleus (radioactive) by the
electromagnetic field of the target (made of stable nuclei)
=
‘ \e '
A B R n L |
projectile (B>0) Oce Y
p Ap
target (B=0)

Observables: Transition energies and intensities

=> Determine new excited levels and study deformations
30



Nuclear astrophysics at HIE-ISOLDE
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Beta-NMR in organic samples

Unstable probe nuclei with spin > 0 in magnetic field

Spin hyperpolarisation _m ’

&
/
+ beta decay anisotropy Thermal equilibrium Hyperpolarized
: ] 50,000
~107 = t37 P~ 50%=——
PR S 707 = 100,000
B detector
4 NaF
26Na + BMIM-HCOO
I 6 t1/2=1.1s
about 1e8 Up to 10 orders of
Beta decay, I>0 F4 Nuclei magnitude more sensitive
I B, g than conventional NMR,
IB % 100 x more precise than
So solid state NMR
= +
v 3.55 3.56 3.57 3.58 3.59 3.60
Frequency [|V| HZ]
B detector
Applications in biology (metal ion interactions)

Phys. Rev. X 10, 041061 (2020) And nuclear physics: distribution of magnetisation



Radioactive molecules & Beyond SM

&3RaF
Typ=i14d__ —RaF  eespar
Tiz=36d, _449d 2°RaF S
Ty =1,600y _
! Tie=57Yy

A . o
lonization

2 +
RaF(2) potential

JL

- 16,667 cm™

(600 nm) “

- 12,820 cm™!
<L (780 nm)

oL

Counts (a.u)

Low-energy SMtests ~ New e-N interactions?  P-violation T-violation
* Nuclear matter * Dark Matter properties? [' Baryogenesis ]
* Nuclear structure * New forces? Nature 581, 396 (2020)

* BSM searches

From M. Udrescu




[ Why Molecules? ] [ Why Molecules? ]
( ) / P-violation /4 P.T- violation \

EDM
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— New windows into the study of the atomic nucleus, and the
fundamental particles and interactions of nature!

Atoms Molecules
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* Parity violation > 1010 [Gaffney et al. Nature 497, 199 (2013)]

* Parity and Time reversal [ Exotic molecules - Best of all worlds ]

violation > 10° .
[ACMF Nature 562 355 (201811 . BUT, are experimentally unknown!




| Recent results |

I. Low-lying structure

Il. Feasibility of laser cooling?
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Material science

® Emission channeling
» Position of implanted ions

Crystal lattice
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229MTh: towards a nuclear clock with VUV and EC

® Determination of isomer energy with
vacuum UV spectroscopy:

» 229Ac decay to 229mTh

» Internal conversion decay branch
removed via study in a crystal

» CaF as host (wide band gap material)

» Implantation site verified with
emission channeling

Ca F
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S Kraemer et al, Nature 617, 706 (2023)

Video: https://videos.cern.ch/record/2297990
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https://www.nature.com/
https://videos.cern.ch/record/2297990

News + News : Topic: Physics

Voir en francais

ISOLDE takes a solid tick forward
towards a nuclear clock

The observation at CERN’s nuclear physics facility of a long-sought decay of the
thorium-229 nucleus in a solid-state system is a key step towards a clock that could
outclass today’s most precise atomic clocks

24 MAY, 2023

TN

£\

The ISOLDE facility seen from above (Image: CERN)
Atomic clocks are the world’s most precise timekeepers. Based on periodic transitions between two electronic
states of an atom, they can track the passage of time with a precision as high as one partin a quintillion,
meaning that they won’t lose or gain a second over 30 billion years - more than twice the age of the Universe.

In a paper published today in Nature, an international team at CERN’s nuclear physics facility, ISOLDE, reports a
key step towards building a clock that would be based on a periodic transition between two states of an atomic
nucleus - the nucleus of an isotope of the element thorium, thorium-229.

Such a nuclear clock could be more precise than today’s most precise atomic clocks, thanks to the different size
and constituents of a nucleus compared to those of an atom. In addition, it could serve as a sensitive tool with

Related Articles

Nuclearphysicsat
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Observation of the radiative decay of the
*Thnuclear clockisomer

hitps:/doi.org/10.1038/541586-023-05894-7  Sandro Kraemer'*™, *, Michail. ', Silvia Bara',
s T, ¥ “, Ama s
— Thomas E. Cocolios', Josio G. M. Correia®, Hilde De Witte', Rafael Ferrer', Sarina Geldhof',
Accepted: 28 February 2023 Reinhard Heinke*, Niyusha Hosseini®, Mark Huyse', Ulli Késter”, Yuri Kudryavtsev',

Mustapha Laatiaoui®**, Razvan Lica*", Goele Magchiels®, Vladimir Manea',

Clement Merckling®, Lina M. C. Pereira’, Sebastian Raeder™™, Thorsten Schumm?®,
®|Check for updates Simon Sels', Peter G. Thirolf’, Shandirai Malven Tunhuma®, Paul Van Den Bergh',

Piet Van Duppen’, André Vantomme®, Matthias Verlinde', Renan Villarreal® & Ulrich Wahl*

Published online: 24 May 2023

The radionuclide thorium-229 features anisomer with an exceptionally low excitation
energy that enables direct laser manipulation of nuclear states. It constitutes one of
the leading candidates for use in next-generation optical clocks' . This nuclear clock
will be aunique tool for precise tests of fundamental physics* . Whereas indirect
experimental evidence for the existence of such anextraordinary nuclear state is
substantially older", the proof of existence hasbeen delivered only recently by
observing the isomer’s electron conversion decay". The isomer’s excitation energy,
nuclear spin ic theelectronconversionlifetime and a
refined energy of the isomer have been measured™ ™. In spite of recent progress, the
isomer’s radiative decay, a key ingredient for the development of a nuclear clock,
remained unobserved. Here, we report the detection of the radiative decay of this
low-energy isomer in thorium-229 (**"Th). By performing vacuum-ultraviolet
spectroscopy of ™ Thincorporatedinto large-bandgap CaF ,and MgF, crystals at the
ISOLDE facility at CERN, photons of 8.338(24) eV are measured, inagreement with
recent measurements™ " and the uncertainty is decreased by a factor of seven. The
half-life of **"Th inMgF, is deter be 670(102) s. The observation
ofthe radiative decay in a large-bandgap crystal has important consequences for the
design ofafuture nuclear clock and theimproved uncertainty of the energy eases the
search for direct laser excitation of the atomic nucleus.

The™Thisotope and its low-energy isomer haveinspiredresearchfor  conversion is expected to constitute the dominant decay path®®. The-

d dth developi ical clock! oretical esti for the radiative decay half-life vary by an order of

transition hasintensified efforts’. A particular focusliesontheprecise  magnitude between about 10° and 10* s (refs. 19-21). For a dominat-

measurement of properties relevant for an optical clock involving the  ing radiative decay, which is required for the clock application, the
fi

direct laser manipulation ofnuclearstates”. Values of theisomer'sexci-  non-radiati y channels, le, by meansof electron con-
tation Y rep d h d i version d . The last requires
time'®, Recentmeasurements usingconversion-electron spectroscopy  charged ™ Thi I indi largerthanthe
ofelectricallyneutral thorium-229 atoms (**Th®) resulted inanexcita-  isomer’s decay energy.

i 8.28(17) eV, cor ding, for radiative decay, to pho- At present, two different routes towards a nuclear clock are being

tons ofa vacuum wavelength of 149.7(31) nm (ref. 14).Measurements  pursued. These consist of an approach with triply charged thorium
of gamma (y) ray energy differences of nuclear transitions feeding  ionsstored in aradio-frequency ion trap and a solid-state approach

ate, usinga with a thorium-doped large-bandgap crystal™** *, For the latter,
revealed energies of 8.30(92) and 8.10(17) eV, with an associated  theorefical studies suggest that, at specific lattice positions, the
vacuum wavelength of 149(17) and 153.1(32) nm, r ively'™. i lectron decay channel of the isomer is suppressed and

c
Ahalfife of 7(1) pis has been reported for 2™ Th? deposited onto  the radiative decay channel becomes dominant®*. Despite various
a microchannel plate detector, an environment in which electron  attempts, the observation of the radiative decay of *Thfollowing the

KuL i L Belgium. “Ludwig-Mazii it Minchen, Garchireg, Germany. KU Lewwen, Quantum Solid State Physics, Leuven, Belgum.
“CERN, Geneva, Switzerland. “institute for Marmic and Submarnic Physics, TUWien, Vienna, Austria. ‘Centre de Ciéncias e Tecnologias Nucleares, Deertamento de Engenharia e Ciénzias
Niscleares, Institito Superior Téenico, Universidade de Liskios, Bobadels, Partugal "institut Laus-Langevin, Grenoble, France. “Depertment Chemie, Jhannes Gutenberg Unmerstat, Mainz,
Germany. Mainz, Germany. Darmstach, Germany. Physics and Nuciear
Enginesring, Bucharest, Romania. “imec, L Eelgium. % be

706 | Nature | Vol 617 | 25May 2023
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Counts per keV

MINIBALL: Pear shape in 2%4Ra

@ Pear shape - octupole deformation
@ Very rare nuclear shape

& Coulomb excitation with MINIBALL

@ Determine electric octupole transition
strengths (direct measure of octupole
correlations)

@ Pear shape shown for the 15t time
experimentally

@& Test of nuclear models
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Magnesium-Vacancy Optical Centers in Diamond
" v . LV . : - . A _ ; {110} plane in
(100) Emilio Corte, Greta Andrini, Elena Nieto Herndndez, Vanna Pugliese, Angelo Costa, Goele Magchiels, diamond lattice
Janni Moens, Shandirai Malven Tunhuma, Renan Villarreal, Lino M. C. Pereira, André Vantomme,
Joio Guilherme Correia, Ettore Bernardi, Paclo Traina, Ivo Pietro Degiovanni, Ekaterina Moreva,
b) Marco Genovese, Sviatoslav Ditalia T'chernij, Paolo Olivero, Ulrich Wahl,* and Jacopo Forneris*
Cite This: hitps:/fdoi.org’ 101021 facsphotonics. 2001130 I: I Read Online
(110)
ACCESS| |l Metrics & Mare | [ Anide Recommendstions | © Supparting Information
ABSTRACT: We provide the first systematic characterization of
(c) the structural and photoluminescence properties of -I:l|:llil.'a.|.|}" active
(110) centers fabricated upon implantation of 30—100 keV "-'[g ions in 5 R
synthetic diamond. The structural configurations of Mg-related |« o,
defects were studied by the electron emission channeling |2 - -
- technique for short-lived, radicactive “My implantations at the E =
() & CERN-ISOLDE fadility, performed both at room temperature and | £
s 800 °C, which allowed the identification of a major fraction of Mg |£ -
1 atoms (~30 to 42%) in sites which are compatible with the split-
(110) 0 vacancy structure of the MgV complex. A smaller fraction of Mg .
A atoms (~13 to 17%) was found on substitutional sites. The P £o0 a0 e
photoluminescence emission was investigated both at the Wavalangth (nm)
2 ensemble and individual defect level in the 5—300 K temperature
240 12 2 1 0 Trange offering a detailed picture of the MgV-related emission properties and revealing the occurrence of previously unreported

angle relative to axis [°]

spectral features. The optical excitability of the MgV center was also studied as a function of the optical excitation wavelength to

T _800°C identify the optimal conditions for photostable and intense emission. The results are discussed in the context of me_preliminarg.r
i~ axperimental data and the theoretical models available in the literature, with appealing perspectives for the utilization of the tunable

properties of the MgV center for quantum information processing applications.

KEYWORDS: diamond, ion implantation, magnesium, color cenfers, emission chamneling, lattice location
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Radioisotopes: The medical testing crisis

With a serious shortage of medical isotopes looming, innovative companies are exploring
ways to make them without nuclear reactors.

Richard Van Noorden

11 December 2013

@ PDF R Rights & Permissions

1- Established isotopes: ‘industrial’ suppliers

99mTc, 18F, 123,125,1311,111In,90Y

2- Emerging isotopes: ‘small’ innovative
suppliers

68Ga, 82Rb, 897Zr, 177Lu, 188Re

3- R&D isotopes: research labs

44,47Sc, 64,67Cu, 134Ce, 140Nd,
149,152,155,161Tb, 166H0,195mPt, 211At, 212,213Bi,
223Ra,225Ac..



Medical Physics : ISOLDE and MEDICIS

14 years ago — now :

Innovative radioisotopes

Tb 149 Tb 152
42m 41h 42m 175h
€ € Iy 283; €
B a397 160..  pr28..
«3.99 pr1.8 =p... v344;
¥ 796; y 352; y344; 586;
168... 168... 411... 2MM...
Ibi1s5 Tb 161
5.32d 6.90 d
; 87; p05;086...
105;... v26;49;75...
180, 262 e

Matched pairs for theranostics
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Useful for a-Therapy and PET Imaging

PET/CT scan of a AR42J tumor-bearing mouse performed 2 h after injection of #Tb-DOTANOC

Muller et al., EINMMI Radiopharmacy and Chemistry, (2016) 1:5.
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CERN-MEDICIS: new Facility for medical
isotopes (and solid state/materials?

Dy 1¢€
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MEDICIS isotope production cHeme=

Animation: V. Barozier

N~



Mass separation as applied in MEDICIS in a snapshot

The CERN accelerator complex

“ 7
Complexe des accélérateurs du CERN Free prOton bea m
(otherwise lost in the dump)

Some MEDICIS isotopes :

High activity Sm-153, Ba/Cs-128, Tm/Er-165

120MBerAuger 65Tm >99%
Produced/delivéred in
P

» H (hydrog

LHC §

A dedicated
medical isotope

Mass separation facility
in Europe.

From CERN- MEDICIS to the lab/Hospital



From CERN- MEDICIS to the lab/Hospital

Gd-149 @ 9.28E+e00 D ©0.632 8.36E+005 * 14.9%
Tb-149 @ 4.12E+000 H 0.964 1.71E+006 + 9.4%
Er-165 1.04E+001 H ©0.894

Tm-165 @ 1.

25E+000 D  0.979 1.21E+808 * 6.3%

“aad Isotope separation for experiment MEDO11
-- from external 168/169Er SOUrCErom CERN- MEDICIS to the lab/Hospital

(Countries: BE, CH, FR, PK, PT, LV, UK)
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How to supply “novel” radionuclides with mass

separation

* PRISMAP proposes to federate a consortium of high energy
cyclotrons, research reactors, and isotope mass separation faC|I|t|es in
Europe.

Accelerator Isotope mass separation Research reactor

European Commission
ENER/17/NUCL/SI2.755660

S (2018)

1 €, .. AAA bought by Novartis forssy /
= SR t . 3.8Bi$in2017 (177Lu-based drug)

3 // 4 \}"“"““ - The “%01::’ utic =

radiopharmaceuticals
ff wit

nnnnn

liopsi ~ Friops1 Stvarni Nigremzy production rate | lipps1 ~ Fppst Stwarm Nigioma1 € [%] —=nve,, N;
10%%ps  100ccA (6.10%*) Imbarn 1g/cm? for Aiyge=30g/mol d

REEEE
Figure 8: Possible market evolution for radiotherapeutics — source MedRaysIntell (301 6

Economics, Innovators



PRISMAP — The European medical radionuclides programme (2021-2025)

https://medical-radionuclides.eu

= Achievements in 2022:
= 15 projects for biomedical research with novel radionuclides were selected for services across Europe

WWWw.prismap.eu/access/user- prOJects(BE CZ, DE, ES, FR, IT, PT, UK)

Radiopharmaceutical Cancer Research Dresden (/CZ) SRR
223 225 227
Ra Ac Th
Radium Actinium Thorium

= PRISMAP is invited to present research needs in the field of novel biomedical radionuclides
to the EU Commissioner for research and education Mariya Gabriel

Pharmaceutical Radiochemistry TU Munich

In vivo cellular & molecular imaging lab (ICMI) VU Brussels
Imaging and Pathology KU Leuven

Molecular Imaging Center Antwerp

Biomedical Engineering and Imaging Science London
UGA - Inserm La Tronche

Radiopharmacy Bordeaux

CEMHTI Radiochemistry Orleans

Radiochemistry Hopital Frederic Joliot Orsay

Inserm Montpellier {/PT)

Radiochemistry unit, Hospital Gregorio Marandn Madrid

Fondazione IRCCS Istituto Nazionale dei Tumori Milano
Dep Molecular Biotechnology Health Sci Torino

Hevesy AGORA POLATOM
MEDICIS PSI Hevesy Laboratory  BR2 ARRONAX RHF JRC Karlsruhe NCBJ Laboratory Centre hospitalier fiarodowe Setiirum Sadah
el Danmarks Tekniske urbverstak vatkios Jadrowych - NCBJ

Universitet - DTU

L i

E ropeal Paul Scherrer Institut - PSI D anmarl k T kniske Belgian Nuclear Research Groupement interet public Institut Max von Laue - Paul Joint Research Centre - Narodowe Centrum Badar
ucl ni

Centre — SCK CEN ARRONAX — ARRONAX Langevin - ILL European Commission - JRC Jadrowych — NCBJ
e 7 [



http://www.prismap.eu/access/user-projects
https://medical-radionuclides.eu/

