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Productlon routes

Cu-61

3.339 h
ec,p*: 100%

"E,< 20 MeV

Low-energy protons*: °!Ni(p,n)®'Cu

Low-energy protons*: °*Zn(p,a)®1Cu

Low-energy protons*: ®*Ni(p,n)®*Cu

Neutrons: %Zn(n,p)®*Cu; c.a. ®>Cu(n,2n)%*Cu
Low-energy protons*: °’Zn(p,a)%Cu; c.a. ®>Cu(p,pn)®*Cu

Neutrons: ©Zn(n,p)®’Cu

Spallation process: 7°As(p,spall)®’Cu
High-energy protons: %8Zn(p,2p)®’Cu
Low-energy protons*: ’9Zn(p,a)%Cu
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cyclotron
configuration
in 2023

Two H™ion sources

High current (max 150 pA)
8 out ports:
6 18F liquid targets [industrial production]

Beam Transport Line (BTL) [research]
Solid Target Station (STS) [research Gaia Dellepiane - gaia.dellepiane@unibe.ch
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Cross-section measurement setup
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The Bern Medical Cycl

STS configuration
in 2023
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Proton irradiation of natural Zinc

Nat Zn [%] 49.17 27.73

Enr. %4Zn [%] 99.40 0.39
Enr. 7Zn0 [%] 1.56 3.88
Enr. 68Zn [%] 099 0.81
Enr. 7°Zn0O [%] 0.02 0.01

®Cu: t,/, = 23.7 (4) min

%®Cu: t,/, = 5.120 (14) min

102
—— Cu-60 64Zn(p,at)51Cu
— Cu-61
Cu-62
1014 — Cu-64
67Zn(p,a)®*Cu + 68Zn(p,om)‘i“Cu/
10°;
1071 ]
10—2_
64Zn(p,on)®%Cu
5 67Zn(p,2p)%eCu + 79Zn(p,atn)Cu
10™ - - -
2 4 6 8 10 12 14 16 18

Proton energy [MeV]

Gaia Dellepiane - gaia.dellepiane@unibe.ch

4.04 18.45 0.61

0.04 0.17 <0.01
89.60 491 0.05
0.38 97.80 0.02
0.02 1.20 98.75

51Cu: t,,, = 3.339 (8) h

54Cu: t, , = 12.7006 (20) h
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Cross-secjﬂcion results
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61Cu production: natural vs enriched ®4Zn

64Zn 662n 67Zn 682n 7OZn
Nat Zn [%)] 49.17 27.73 4.04 18.45 0.61
Enr. %4Zn [%] 99.40 0.39 0.04 0.17 <0.01
10° 101 103 : ” 101
— mrveocyy  Natural Zn — 1rveecy)y  Enriched %%Zn
— TTY(%ICu) — TTY(%ICU)
— TTY(%4Cu)
1024 +100 1024 100
< _ <
2 S 2
(*2 2. (o2
S 10% 99 > S 10% 199
e 5 e
F . F
1094 98 10°4 98
1071 ; . . - . - 97 1071 ; . . - . - 97
6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20
Entry energy [MeV] Entry energy [MeV]

Irradiationtime =1h
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°1Cu productlon natural vs enriched %%Zn
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°1Cu production:

Nat Zn Enr -%4Zn
E [MeV] 16.0 17.8
Irrad time [h] 3 12
TTY [MBg/pA] 317 1606
Peos [%] 98.64 99.98

100

98

Purity [%]

94 1

92

90
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natural vs enriched ©4Zn

European Pharmacopoeia
—— natural Zn
—— enriched %*Zn
0 2 4 6 8 10 12
Cooling time [h]
11



FLorence 15-19 FEB 2026

121+ INTERNATIONAL
CONFERENCE on |SOTOPES

°1Cu production test

1801 —— -100 180 ; ca = . = s
Natural Zn Pellet thickness: 0.51 mm Enriched ®4Zn Pellet thickness: 0.31 mm
1507 99 150 =
— 1201 —. 08 — 120 -
i BN
3 S 3
B — O
m 907 97 2 m 90
= 5 =)
> o >
60 1 - 96 60
30 L o5 301
4 Experimental data: Y(f1Cu) 4 Experimental data: Y(°!Cu)
4 Experimental data: Purity <4 Experimental data: Purity
10 12 14 16 18 O 8 10 12 14 16 18
Entry energy [MeV] Entry energy [MeV]
E [MeV] Q[10* pAh] Y(°1Cu) [MBq/u1Ah] P(51Cu) [%] Q[10* pAh] Y(°1Cu) [MBq/uAhR] P(51Cu) [%]
Test 1 17.3+0.4 3.3+£0.3 120+ 18 (115) 98.3+0.7 (98.3) 2.3+0.2 130+ 18(123) 100 (100)
Test 2 16.0+ 0.4 3.1+£0.3 113 +17(111) 98.6 + 0.6 (98.6) 2.7+0.3 142 +20(131) 100 (100)
Test 3 11.4+0.4 1.1+0.1 34 +5 (35) 100 (99) 1.1+0.1 74 + 10 (70) 100 (100)

G. Dellepiane et al, Appl Radiat Isot 2022, 190, 110466
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4Cu production

TTY [MBg/pA] 250 170

64Zn 662n 67Zn GSZn 7OZn

Enr. 67Zn0 [%] | 1.56 3.88 89.60 491 0.05

Peos (%] 93.30 98.47

*Proton energy: 17.8 MeV; Irradiation time: 12 h
Irradiation time =12 h

103 100 100 100
—— TTY(®'Cu) — Asigy(t)/Asecy(t)
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°4Cu production tests

Pellet thickness: 0.37 mm

20.0 100
17.51 r98
15.0 90 E Q YECU)  PeoglCu) Py (iCu)
[MeV] [10“ uAh]  [MBq/pAh] [%] [%]
—12.5 - 94
< — 16.1+1.7 88.3+1.0 97.4+1.0
3 § Test 1 173204 2703 (15.9) (38.8) (97.4)
©10.0 92 2>
o = 16.1+1.8 88.3+1.2 97.3+1.3
E 3 Test 2 16404 13+0.1 (16.3) (38.6) (97.3)
> 7.51 -90
5.0 - 88
2.57 4 Experimental data: Y(%4Cu) | 86
4 Experimental data: Purity
0.0 - - - - - — 84
8 10 12 14 16 18
Entry energy [MeV]
G. Dellepiane et al, Appl Radiat Isot 2023, 191, 110518
Gaia Dellepiane - gaia.dellepiane@unibe.ch 14
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°/Cu production

TTY [MBg/pA] 36 31
Peog [%] 98.46 99.00

64Zn 662n 67Zn GSZn 7OZn

Enr. 79Zn0 [%] | 0.02 0.01 0.02 1.20 98.75

*Proton energy: 17.8 MeV; Irradiation time: 24 h
Irradiation time =24 h

102 100 100 100.0
95 1 £99.5
1014 98
S
~ E i B
Ei < £ 90 99.0
2 - 5
S 10% 196 > (&
- = e
8 o = 85 98,5
S
L
107H 194
801 +98.0
— TTY(%*Cu)
TTY(®7Cu)
1072 : - - - - - 92 75 : . . : 97.5
6 8 10 12 14 16 18 20 0 5 10 15 20 25
Entry energy [MeV] Cooling time [h]
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67Cu production tests

Y [MBqg/uAh]

Pellet thickness: 0.37 mm

2.0 100
1.51 r98
[ —
1.0 \-96
0.51 - 94
<4 Experimental data: Y(%7Cu)
+ Experimental data: Purity
0.0 92

8 10 12 14
Entry proton energy [MeV]

16

18

G. Dellepiane et al, Appl Radiat Isot 2023, 195, 110737

Purity [%]

E Q Y(64Cu) Peop(54Cu)
[MeV] [10°3 pAh] [MBq/uAh] [%]
Test 1 11.0+0.4 7.9+0.8 0'92.23)'14 (1909(;
Test 2 13.2+0.4 1.7+0.2 1'1(5332)'12 100 (98)
Test 3 14.0+0.4 37.7+1.8 1'1(:5350)'07 9(592)1

Gaia Dellepiane - gaia.dellepiane@unibe.ch
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Conclusmns and outlook

0O We demonstrated the feasibility of producing 61Cu, 4Cu and ¢’Cu using a
biomedical cyclotron

O Highly-enriched zinc targets are essential to achieve high radionuclidic purity

ALTHOUGH low-cost natural Zn may be considered for nearby ®'Cu PET applications

0 For ®1Cu and ®4Cu, the achievable yields are sufficient for pre-clinical and clinical applications

0 87Cu production requires high beam currents

THEREFORE  further studies are needed to assess target robustness and thermal performance
under high-current irradiations

Gaia Dellepiane - gaia.dellepiane@unibe.ch 18
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