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The theranostic radionuclide 4/Sc

47Sc has many favorable characteristics for medical applications
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SPECT imaging

Long enough for labeling molecules
with a slow biodistribution profile

4’Sc can be paired to the B* emitters

Treatment of small-medium sized tumors
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Radiopharmaceutical production

Radiochemical Radiopharmaceutical
Target Radionuclides processing and preparation and
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B
b

' II Radioisotope of interest @ :

Contaminants @@ ] K

OH§<§ Physics Dissolution ; :\ﬂ»

“ @
' I—

: .=z Separation
o .. Purification \
Material . Radioisotope of interest @ ,;i-_i‘E _— .

atenai science Contaminants @@ G Physics and
and engineering Radiochemistry

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



Nuclear cross section measurements
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Cross section measurements of the "@V(p,x)
and “8Ti(p,x) reactions up to 70 MeV

REMIX project
CSN5, 2021+2023

48Ca

5.60e+19 y
0.187%

26->08 Cross section measurements of the *°Ti(p,x)
A and °°Ti(p,x) reactions up to 70 MeV

66 Always keeping an eye on the 4’Sc co-produced contaminants cross section to
individuate the best production scenario



Nuclear cross section results
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But there are other contaminants

Mou et al 2024, Pharmaceuticals 17, 26
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47Sc half-life: 3.3492 d
46S¢c half-life: 83.79d
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Dosimetric evaluations

Dosimetric evaluation starting from cross section measurements:
Radionuclidic purity (RNP) higher that 99% and Dose increase (DI) lower than 10% are required
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Decay of short-lived ~ Decay of “mSc ) |
- RNP >99% contaminants 43Sc and #48Sc Decay of 47Sc with

46Sc still present
-DI<10%

60% more 4’Sc produced

Radionuclidic purity always too low
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Next step

Thick target yield measurement in the 35+19 MeV energy range with "2V targets

nety(p,x)47Sc
R = Theoretically in the 35+-19 MeV energy range the #/Sc
e ih%t i M B P _ production is pure enough for medical application
o igg - ey }Hi??, ' ,
Ser P | Tt | It is necessary to check that the the RNP >99% and
1o ik 3 _ DI < 10% limits are actually respected in the
s ] E M e W simulation of a “real production” of 4’Sc
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i Cross section measurements near the threshold are
particularly difficult and a more precise evaluation of
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thick target yield is essential
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Next step

Main differences

Cross sections Thick target yields

 Thin targets (order of 10 pm) * Thicktargets (from 100s of
Hm up to 1 mm order)

 Shortirradiation times (up to * Longirradiation times
1h) (several hours)

* Low beam currents (of the * High beam currents (of the
order of 10/100 nA) order of yAs)

Ideally, for a production with "2tV To simulate a production with "tV
(thick targets): 2480 h irradiation (thick targets): at least 1 hirradiation
time; at least 1 yA beam current time; 100 nA beam current

=



Thick target yield measurements procedure

Target Target Target
: : o : ) y-spectrometry
preparation irradiation dissolution




Thick target yield measurements procedure

Target Target Target spectromatr
preparation irradiation dissolution Y-sp 4

To cover the energy range 35+19 MeV
a 2 mm thick "V target is required

e
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Formula: V
Form: Foil /Film/Sheet
Material: Vanadium

Commodity: Metals
Purity: 99.8%

1000211563

1000211620

1000211663

1000211848

TECHNICAL D

1000051822 As Rol

CAS Number: 7440-62-2

Vanadium Foil is a thin foil of vanadium metal produced by Goodfellow. With 121 variations available, our extel
meet every need. These foils are used in chemical processing applications as a catalyst and in the aerospacq

structures. The combination of corrosion resistance, high temperature strength, and low density makes Vana

Vanadium Foil @ ( NEED A CUSTOMIZED SOLUTION?>

Commercially available |

10mm

25mm

20mm

50mm

100mm

10mm

25mm

50mm

50mm

100mm

Price perun

€365.89

€451.85

€502.86

€678.91

€1,367.20

A thickness of 2 mm can easily fit the target holder
available for cross section measurements

+ NatNj thin layer to monitor the beam intensity
+NatAL thin foil to collect recoil atoms

natV natAl

natNi



Thick target yield measurements procedure
Target Target Target

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

F

100 nA beam current (on target),

35 MeV proton energy,

. - 1 hirradiation time (at least)




Thick target yield measurements procedure

) )2 D i )

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

procedure
From literature, nitric acid (HNO,) and cloridric acid (HCl) are
necessary to dissolve the "tV 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

‘ W needs to be collected for : Necessary not to saturate
the y-spectroscopy the HPGe detector

measurements



Thick target yield measurements procedure

Target Target Target
: : S : . y-spectrometry
preparation irradiation dissolution

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
y-spectrometry measurements > "

- Energy and efficiency
calibration with certified
liquid sources




Conclusion

Thick target yields measurements with "2V targets will allow to check if the 35+19 MeV
energy range is optimal for the 4’Sc 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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