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The SPES project

SPES-α
The cyclotron and related 

infrastructure.

SPES-β
The ISOL facility and the 

acceleration of neutron-rich 
unstable nuclei. 

SPES-γ
The production of radionuclides 

for applications. SPES-δ
The multidisciplinary 

neutron sources. 

Gaia Pupillo, INFN-LNL gaia.pupillo@lnl.infn.it 2/34



Gaia Pupillo, INFN-LNLSlide  3/15IAEA-CN301-73

The SPES cyclotron

Tunable energy: 70 – 35 MeV
High output current:  500 µA

Dual extraction 🡪🡪 Fundamental & Applied research
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Medical radionuclides production

https://isolpharm.pd.infn.it/web/ https://www.lnl.infn.it/en/spes-laramed-range

SPES-γ
The production of radionuclides 

for applications. ISOL technique
A. Andrighetto

Resp. ISOLPHARM

Direct activation
J. Esposito

Resp. LARAMED
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THERAPY
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ISOL: Isotope Separation On Line
from Cyclotron through Target to Experiment

Cyclotron

SPES Target

Proton beam

The acceleration of neutron-
rich unstable nuclei. 

The ISOL facility

Radioactive beam Low Energy Exp.

The front end at SPES
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ISOLPHARM allows to produce 
unconventional medical radionuclides 

with high specific activity & RNP

111Ag

152Tb 155Tb149Tb

43Sc 47Sc

67Cu64Cu

The ISOLPHARM ion collection target
therapy diagnostics theranostics pairs

(2018-2019)

(2020-2022)

111Ag production is
investigated with two 

INFN-csn5 projects

The ISOLPHARM method radiopharmaceuticals 
production is an INFN PATENT
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Cyclotron Radioisotope production

Target
Irradiation

Radioisotope of interest
Contaminants

Dissolution

Extraction/
separation

Purification

Radiochemical 
processing

Quality 
controls

Pure 
radioisotope

Radio-
pharmaceutical 

preparation

Labelling

Nuclear physics

Target activation

Cyclotron radiopharmaceutical production
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LARAMED facility @ LNL

Pass box

Central corridor

Hot Cell

RILAB Radiochemistry labs 

J. Esposito et al., LARAMED: a 
LAboratory for Radioisotopes of 

MEDical interest, (2019) 
Molecules 24(1) 20Bunker A9cCyclotron

RILAB chemistry / targetry labs 
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LARAMED research activities & network

focus Sc-47: vie di produzione

52Mn

J. Esposito et al, Molecules 24(1), 20 DOI:10.3390/molecules24010020 (2019)
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99mTc direct production cycle

CRP on 99Mo/99mTc 
suppy (2011/2015)

Closed-loop technology developed at LNL: recovery of costly target material  

APOTEMA
TECHN-OSP 

projects
INFN-CSN5 
2012-2017
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52Mn
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52Mn and the METRICS project

Multi Modality Imaging MMI
PET/SPECT CT/MR
functional imaging anatomical imaging 
radiolabeled tracer contrast agent
e.g. 18F-FDG for PET e.g. Ba and I for CT
or 99mTc-HMPAO for 
SPECT

or Gd-OMNISCAN for 
MRI

In Multi Modal Imaging (MMI)  a mismatch occurs because the contrast and radioactive agents used are 
chemically different…..
GOAL :  to achieve a genuine fusion between PET and MRI, the contrast and radioactive 
agents should be chemically identical 

52Mn Eβ+ (avg) 250 keV
PET

51Mn Eβ+ (avg) 960 keV

Mn2+ Paramgnetic 
properties

MRI contrast 
agent

GOAL of METRICS project 
• To Develop/optimize the 52Mn cyclotron production and 

separation/purification method

• To establish stable Mn(II)/52Mn-complexes
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52Mn and the METRICS project

52Cr target manufacturing 
technology  developed by 
SPS technique

Development of Efficient 
Separation Procedures of 
Cyclotron Produced 52/51Mn
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67Cu as theranostic agent

CRP on 67Cu, 47Sc, 186Re 
(2016/2020)

Cu-67
61.83 h

γ-ray
[keV]

γ-ray 
[%]

β energy
[keV]

β int
[%]

Auger 
[keV]

Auger
[%]

β- : 100 % 184.6  48.7 51.0 1.11 0.99 19.14

(Zn-67) 209.0  0.115 121 57 7.53 6.87

300.2  0.797 154 22.0 83.652 12.09
393.5  0.220 189 20.0

* NuDat 2.6 database (2013)  - NNDC

SPECT

Mean β- : 141 keV

THERAPY

68Zn(p,2p)67Cu

68Zn(p,x)64Cu

10

60

20

Most used targets for 67Cu production: 
68Zn

Limiting factor for clinical 
and preclinical studies is the 

lack of 67Cu availability 

COME project
INFN-CSN3 2016
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67Cu as theranostic agent
Scheme of a typical stacked-foils target Stacked-foils target 

assembly

γ-spectrometry

Enriched 70Zn targets produced at LNL by lamination

Beam setting with alumina

Irradiation runs on 
the AX3 beam-lineTarget 

disassembly
RadiochemistryData analysis
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Cu/Ga separation process from Zn

Energy 
[keV]

Cu-67
Int. [%]

t1/2 = 61.83 h

Ga-67 
Int. [%]

t1/2 = 78.24 h 

184.6 48.7 3 21.41 1

209.0 0.115 5 2.46 1

300.2 0.797 11 16.64 12

393.5 0.220 8 4.56 24

% Gallium Sol Copper sol Zinc sol

Ga-66 79 ± 11 2 ± 1 ND

Cu-61 ND 95 ± 2 ND

Zn-69 ND ND 84 ± 2
G. Pupillo, L. Mou, P. Martini, et al. Radiochimica Acta, 2020, 108(8), pp. 593–602
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The 70Zn(p,x)67Cu,64Cu cross sections

G. Pupillo, L. Mou et al., Production of 67Cu by enriched 70Zn targets…, Radiochim. Acta 108 (8) 2020
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Comparison of the 70Zn and 68Zn targets

G. Pupillo, L. Mou et al., Production of 67Cu by enriched 70Zn targets…, Radiochim. Acta 108 (8) 2020
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A multi-layer target to optimize 67Cu 
production: an INFN patent

67Cu/64Cu ratio favourable from 
70Zn target above 56 MeV 

a.
d.

u.

Cross section ratio 67Cu/64Cu 

International Patent 
n° WO 2019/220224 A1

November 2019

“A method and a target for the production of 67Cu”
Mou, Pupillo, Martini, Pasquali
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CUPRUM_TTD proposal
INFN-CSN5 2023-2025
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47Sc as theranostic agent

CRP on 67Cu, 47Sc, 
186Re (2016/2020)

47Sc
3.35 d

γ-ray [keV]
SPECT

γ-ray 
[%]

β- energy
[keV]

β- int
[%]

Auger β-

[keV]
Auger β-

[%]

β- : 100 % 159.381 68.3 142.6 68.4 0.42 0.461

203.9 31.6 4.0 0.215

154.415 0.277

Nuclear Data Sheets 108, 923 (2007) - NNDC

Mean β- : 162.0 keV 

SPECT

SPECT THERAPY

The limiting factor for 
clinical and preclinical 

studies is the lack of 47Sc 
availability 

PASTA project
INFN-CSN5 
2017-2018

REMIX project
INFN-CSN5 
2021-2023
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WP1. Production and target 
characterization
Sara Cisternino (INFN-LNL & UniPD)

WP2. XS measurements with 49Ti e 50Ti
Liliana Mou (INFN-LNL)

WP3. XS measurements with natDy,159Tb, natEu
Simone Manenti (UniMI & INFN-MI)

WP4. Nuclear codes (TALYS, EMPIRE, FLUKA) 
Luciano Canton (INFN-PD) 
Andrea Fontana (INFN-PV)

WP5. Dosimetric calculations 
Laura De Nardo (UniPD & INFN-PD) 
Laura Melendez-Alafort (IOV)

WP6. 155Tb TTY production @ 
The SCDC hospital 
Petra Martini (UniFE & INFN-FE)

WP7. Devices for INFN-LNL beam-line 
Gabriele Sciacca (INFN-LNL & UniPD)
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47Sc production routes

G. Pupillo et al., Journal of Radioanalytical and Nuclear Chemistry 297, 3 (2019) doi: 10.1007/s10967-019-
06844-8 F. Barbaro et al., Physical Review C (2021) arXiv:2107.13773, doi: 10.1103/PhysRevC.104.044619

.. I am going to show you some cross section results 
obtained with proton-beams at

Only few literature data on enriched xxTi..

Interesting targets for proton-induced reactions
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47Sc production with natV targets
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47Sc is produced 
without 46Sc 

contamination for 
Ep< 30 MeV 

47Sc half-life 3.3492 d 
46Sc half-life 83.79 d

… but we measured the co-production 
of all the contaminant radionuclides!
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47Sc production with natV targets
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47Sc production with natV targets
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The natV(p,x)47Sc route

Low 46Sc co-production for EP > 30 MeV 
but at EP > 35 MeV also 48Sc is co-produced!

✔ Dosimetric calculations (OLINDA code)

47
Sc

 to
ta

l e
ffe

ct
iv

e 
do

se
 (%

) 

47
Sc

 R
N

P 
(%

) 

L. De Nardo et al., Physics in Medicine and Biology DOI:10.1088/1361-6560/abc811 (2021)

As expected, higher the 47Sc 
purity lower the yield!

47Sc can be produced with natV (100 µA, 80 h): 

EP= 35-19 MeV ; tMAX = 30 h ; ca. 28 GBq
EP= 30-19 MeV ; tMAX = 375 h ; ca. 11 GBq

RNP > 99%
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47Sc production with xxTi enriched targets

S. Cisternino et al., Upgrade of the HIVIPP deposition apparatus for nuclear physics thin targets manufacturing, Instruments (2022)

No. 20 49Ti
targets

No. 20 50Ti 
targets

Mass thickness 
measured by weigh

486±110 µg/cm2

(n=20)

Mass thickness 
measured by weigh

637±200 µg/cm2

(n=20)
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L. Mou et al., Nuclear cross sections of proton-induced reactions on enriched 48Ti targets for the production of the theranostic 47Sc radionuclide (..)(2022) Submitted
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Proton-induced cross sections on 48Ti targets

47Sc half-life 3.3492 d
46Sc half-life 83.79 d

48Ti(p,2p)47Sc

Up to 20% discrepancy 
with literature data

Good agreement
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Proton-induced cross sections on 48Ti targets

48Ti(p,n)48V

44mSc half-life 58.61 h
44Sc half-life 3.97 h

43Sc half-life 3.891 h
48V half-life 15.974 d

48Ti(p,n)48V
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Comparison of natV and 48Ti targets

The use of 48Ti targets gives a larger 47Sc yield in 
comparison to natV, however..

TIRR: 24 h

Decay of the short half-time 
impurities 43Sc and 44gSc Decay of 44mSc 46Sc activity

48Ti targets are not suitable for a 
p-induced 47Sc production!
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Proton-induced cross sections on 49Ti targets

Preliminary data since we used 
the weighting values, but soon the 49Ti 

EBS values will be available!
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Proton-induced cross sections on 50Ti targets

Weighting values for the 50Ti deposit thickness

Extra preliminary data 
because the irradiation runs 

are ongoing! 
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⮚ Many medical radionuclides of interest!

⮚ Young team of researchers with different expertise 
(targetry, nuclear physics, engineering, radiochemistry, etc.)

⮚Wide national & international network of collaborations &

⮚High potential impact with the possibility to exploit both ISOL and DIRECT production @ SPES
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