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Half-life 
(d)

γ emission β- emission

Energy (keV) Intensity (%) Mean energy (keV) End-point energy (keV) Intensity (%)

3.3492 159.381 68.3 142.6
203.9

440.9
600.3

68.4
31.6

47Sc has many favorable characteristics for medical applications

SPECT imaging Treatment of small-medium sized tumors

Long enough for labeling molecules 
with a slow biodistribution profile Half-life 

(h)

β+ emission
Mean energy (keV) Intensity (%)

4.0420 632.0 94.27

3.891 344.46
508.10

17.2
70.9

47Sc can be paired to the β+ emitters
44gSc
43Sc

PET imaging

The theranostic radionuclide 47Sc
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Physics and 
Radiochemistry

Physics and 
Radiopharmacy

Radiopharmaceutical production

Needs a preliminary optimization of the 
irradiation parameters through nuclear cross 
section and thick target yield measurements 



Nuclear cross section measurements

PASTA project
CSN5, 2017÷2018

REMIX project
CSN5, 2021÷2023

Cross section measurements of the natV(p,x) 
and 48Ti(p,x) reactions up to 70 MeV

Cross section measurements of the 49Ti(p,x) 
and 50Ti(p,x) reactions up to 70 MeV

Always keeping an eye on the 47Sc co-produced contaminants cross section to 
individuate the best production scenario



natV targets 48Ti targets 49Ti targets 50Ti targets

Ep < 30 MeV
No energy interval useful for 
the production Promising energy interval

Ep < 20 MeV

Nuclear cross section results

Ep < 30 MeV

But there are other contaminants
Barbaro et al 2021, Phys Rev C 104, 044619 Mou et al 2024, Pharmaceuticals 17, 26 De Dominicis et al, Appl Radiat Isot, accepted

De Dominicis et al, Appl Radiat Isot, 
under review

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



Dosimetric evaluations

natV targets 48Ti targets
49Ti targets

50Ti targets

Ep < 35 MeV

Dosimetric evaluation starting from cross section measurements:
Radionuclidic purity (RNP) higher that 99% and Dose increase (DI) lower than 10% are required

De Nardo et al 2021, Phys Med Biol 66, 025003

- RNP > 99% 
- DI < 10%

Decay of short-lived 
contaminants 43Sc and 44gSc

Decay of 44mSc
Decay of 47Sc with 

46Sc still present

Radionuclidic purity always too low

RNP DI

Mou et al 2024, Pharmaceuticals 17, 26

Not needed

Still to be 
performed

60% more 47Sc produced



Next step
Thick target yield measurement in the 35÷19 MeV energy range with natV targets

It is necessary to check that the the RNP > 99% and 
DI < 10% limits are actually respected in the 
simulation of a “real production” of 47Sc

Near the threshold
Cross section measurements near the threshold are 
particularly difficult and a more precise evaluation of 
the produced amount of the contaminant 46Sc with a 
thick target yield is essential

Theoretically in the 35÷19 MeV energy range the 47Sc 
production is pure enough for medical application



Next step

Main differences 

Cross sections Thick target yields

• Thin targets ( order of 10 µm)

• Short irradiation times (up to 
1 h)

• Low beam currents (of the 
order of 10/100 nA)

• Thick targets (from 100s of 
µm up to 1 mm order)

• Long irradiation times 
(several hours)

• High beam currents (of the 
order of µAs)

Ideally, for a production with natV 
(thick targets): 24÷80 h irradiation 
time; at least 1 µA beam current

To simulate a production with natV 
(thick targets): at least 1 h irradiation 
time; 100 nA beam current



Thick target yield measurements procedure
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Thick target yield measurements procedure

Target 
preparation

Target 
irradiation

Target 
dissolution γ-spectrometry

To cover the energy range 35÷19 MeV 
a 2 mm thick natV target is required 

Commercially available

A thickness of 2 mm can easily fit the target holder 
available for cross section measurements
+ natNi thin layer to monitor the beam intensity
+natAl thin foil to collect recoil atoms

natV

natNi

natAl



Thick target yield measurements procedure

Target 
preparation

Target 
irradiation

Target 
dissolution γ-spectrometry

Target-station already available at SPES can be used for the 
irradiation runs using:

- 100 nA beam current (on target),

-  35 MeV proton energy, 

- 1 h irradiation time (at least)



Thick target yield measurements procedure

Target 
preparation

Target 
irradiation

Target 
dissolution γ-spectrometry

Thick targets need to be dissolved after the irradiation through a radiochemical 
procedure

Necessary not to saturate 
the HPGe detector

From literature, nitric acid (HNO3) and cloridric acid (HCl) are 
necessary to dissolve the natV target

Cingoranelli et al 2024, EJNMMI radiopharm chem 9, 89 

The dissolution procedure needs to be verified with cold tests for the 
purpose of this experiment

An aliquot of the solution 
needs to be collected for 
the γ-spectroscopy
measurements



Thick target yield measurements procedure

Target 
preparation

Target 
irradiation

Target 
dissolution γ-spectrometry

The aliquot of the solution can be measured in the HPGe detectors located 
at SPES

Updates needed:

- Introduction of a system to hold the solution during 
γ-spectrometry measurements

- Energy and efficiency 
calibration with certified 
liquid sources



Conclusion
Thick target yields measurements with natV targets will allow to check if the 35÷19 MeV 
energy range is optimal for the 47Sc production

- In case the RNP and DI limits are not respected the experiment can be repeated in 
a different energy range

- The more precise energy interval for the production can be individuated 

The activity described will be included in some 
future projects
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