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Striving for the “Magic Bullet” Concept in Medicine
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(Medical) Therapies should lead to death of the targeted

organism without damaging the (human) host.
Paul Ehrlich (1854-1915)
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Central Aspects of the MEDICIS Project for Nuclear Medicine 3

Novel radioisotopes
for theranostics

Isotope production
Graphene layer protection

Functional Imaging Transportation Radiotherapy
Validation of biological models Personalized cancer treatment
Preclinical imaging studies Radioimmunotherapy
DNA synthesis markers Surgery

THERAPY + DIAGNOSTIC = THERANOSTIC




Central Aspects of the MEDICIS Project for Nuclear Medicine 4

WP1:
mass separation
of new medical isotopes
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Rare-Earth Medical Radioisotopes of MEDICIS Interest

R. M. dos Santos Augusto et al.,
CERN MEDICIS — A New Facility
Appl. Sci. 4, 265-281 (2014)
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V.M. Gadelshin | LABNET Workshop, Paris, 2016




CERN-MEDICIS Facility: MIEDical Isotopes Collected from [SOLDE 6




MEDICIS Off-line Mass Separator

Robot hardware

Rail shuttle system




Resonance lonization Laser lon So® G )
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Application Experience of the Laser lonization Methods

No | - excitation scheme exists
H Q‘P - ionization performed by Ti:Sapphire He
5 F a laser excitation scheme g 6 7 5 0 10
L1 || Be _ _ _ _ B|IC|N|O]|F|Ne
Lyl - primary desired medical radio-
Na | Mg isotopes for the MEDICIS Project All Si | P S | C1I Ar

19 20 21 22 23 24 25 26 27 28 29 30 B 32 33 34 35 36

K|Ca|Sc| Ti| V|Cr||Mn|Fel|Co|Ni|Cu|Zn|Gal|Ge|AS| Se | Br || Kr

37 38 39 40 41 42 43 - 45 46 47 48 149 50 51 52 53 54

Rb|Sr| Y | Zr [Nb|[Mo| Tc|Ru|Rh|Pd|Ag|Cd| In |[Sn|Sb|Te| I | Xe

55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

Cs | Ba Hf || Ta| W | Re||Os || Ir | Pt |Au| Hg | T1 | Pb | Bf | Po | At | Rn
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Lanthanides for the MEDICIS-PROMED Project

. lonization Ti:Sa laser .
Desired : L : L lonization
o Medical application potential, excitation - References
radioisotopes . efficiency
cm’ scheme, nm
£ ional i ing / -
Neodymium | °Nd unctional Imaging
cancer treatment
1) 436, enschein,
Samarium 153Sm beta therapy 45519,5 2) 885,55 n/a Dissertation
3) 881,80 (2014)
T 1) 432,00 Gottwald
149 152 155 ’ ’
Terbium 15613' mIE' o, F‘ig:]tc'::fr!;nti]gﬁ/ 47294,7 | 2)795,41 nfa | AIP Conf. Proc.
’ 3) <864 1104, 138 (2009)
Parent isotopes L) 20 SLECT,
Dysprosium | 1°2Dy, >°Dy sourcesp ’ 47900,5 2) 786,058 25% Diplomarbeit,
3) 837,616 (2015)
1) 405,502 Gottwald,
Holmium 186H0 beta therapy 48566,7 2) 818,802 42% | AIP Conf. Proc.
3) 837,867 1104, 138 (2009)
. Auger therapy / 1) 400,910
163, 165, 167 , _
Erbium Er, *>2Er, *>Er T 49261,9 2) 410,904 In process
Richter,
Ytterbium 166yh Auger therapy 50443,5 1) 267,27 17% Dissertation
2) 736,67
Lutetium Yy beta therapy 43762,8
./'f’\}l\l,'
CERM
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Laser System Development by WG LARISSA

Ti:Sapphire 10 kHz Nd:YAG

solid-state laser 532 nm
Pump Laser
40-100 W

Wave

meter

Line width: 5 GHz computer control

Pulse length: 30-50 ns
High reliability

High spectral stability

Constant output power: upto 5 W

© O O O o o

Work range:

-

THG

- fundamental: 690-960 nm
- doubled: 350-480 nm (SHG)

- tripled: 233-320 nm (THG)
- quadrupled: 205-232 nm
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Spectroscopic Development Tool — Mainzer Atomic Beam Unit 12
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lonization Scheme Development for Lutetium

D1 p2 E IP = 43762,80 cm”

-------------------------------------- R Wi Yl
i 1 ° E
33443,10 cm’ 1 T g £ S
;M 32456,70cm” 3152303 cm® o o o
J=172 J=5/2 =n T 3
22124,76 cm™ 21462,38 cm™
1=372 1=5/2
298,93 nm 308,01 nm 317,14 nm 451,86 nm 465,80 nm
2,1E+8 s” 1,2E+7 s™ 7,6E+7 s’ 2,3E+7 s” 3,4E+6 s
Ocm*
5d6s’, D,

D: Bekov G.I. (1981); Miller C.M. (1982); Li R., TRIUMPH (2016)
D2: Krustev T.B. (1993);
E: Xu C.B. (1993)
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Spectra of 2nd Resonant Excitation Step in Lutetium
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Lutetium lonization Efficiency Measurement | Setup

Al: 44700,63 cm”
IP: 43762,80 cm’”

33443,10 cm’

Ground state: 0 cm”

Scheme A

N

lon Separator Magnet

Detection

Hot Cavity
Atomizer

Laser Beams 30 kV RILIS

lon Source

O Has been performed on the RISIKO Mass Separator;

O A sample with 3,44E+14 atoms was prepared from the lutetium standard

solution;

O As a support and a reducing agent, the hafnium foil was used,;

O Separately heated sample reservoir («mass marker» + atomizer).
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Lutetium lonization Efficiency Measurement | Example
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Mass scan

|
S
Efficiency (%)

Lu 3,44E+14 atoms on Hf foil
1st step: 33443.31 cm-1

2nd step: 11257.32 cm-1
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Lutetium lonization Efficiency Measurement | Mass Scan

Hf-178
| Hf-177 Hf-179 HfO family
1E-10 4 Hf'180
; Lu-176/Hf-176
| \ Ta-181
g =3 azs |

Hf-174

1E—13-; - I ' [L (‘11/ v-li'
4 ! | jh lllllllllllllllll ';:.

Mass (u)

O Isotopes of work materials were observed (Lu, Hf, Ta, W, ...)

O Their oxides also were seen except lutetium oxide, what prove efficient

reduction by hafnium;

O Strong dependence of Lu signal on lasers; vice versa, lasers do not affect on

other elements.

bzaicio




Lutetium lonization Efficiency Measurement | Laser Scan

Laser 1 (33443,31 cm™) Laser 2 (11257,32 cm™)
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Lutetium lonization Efficiency Measurement | Summary
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Horizons

Goal of Work Package 1:

O Providing of highly purified mono-isobaricion beam
production via elemental selective laser ionization

O Characterization of a 2- or 3- steps laser excitation scheme for Nd isotopes;
0 Accomplishment of efficiency measurement for Th isotopes;

0 Demonstration of the highly selective and efficient laser ionization for
purification processes on RISIKO, ISOLDE and MEDICIS mass separators.
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Conclusion

O MEDICIS Innovative Training Network
started in April 2015;

O CERN-MEDICIS facility under construction;

O Resonant 2-step excitation schemes in lutetium
studied;

O Lutetium ionization efficiency measurement was
performed with preliminary 53% efficiency;

O Further MEDICIS elements of interest: Nd, Tb, ...
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Questions?
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Thank you for your attention!
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Lutetium lonization Efficiency Measurement | Blank Sample 24

Scheme #A | 1st laser: 33443.31 cm-1 | 2nd laser: 11257.32 cm-1
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