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All science is 
either physics or 
stamp collecting 

Ernest Rutherford   



Physics is to solve 
fundamental 

problems, the rest is 
stamp collecting 

    Anonymous 



AN	EXAMPLE:	THE	
DISCOVERY	OF	

TECHNETIUM-99m	



Historical Notes 
 
①  Technetium was the first artificial 

element discovered by Emilio Segré 
and Carlo Perrier in Palermo (1936). 

 
②  Margaret Green and Walter Tucker 

developed the first Mo-99/Tc-99m 
generator (1958). 

 
③  However, it was Richard Powell to 

recognize the potential use of Tc-99m 
as diagnostic tracer (1960). 
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The Mo-99/Tc-99m Generator 
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4D Cardiac Images 







The challenge in Science is 
not to make research, but to 
fully understand how much 

important your research 
might become. 

     Anonymous   



THE	MOLECULAR	IMAGING	
PARADIGM:	LOOKING	INSIDE	A	
LIVING,	INTACT	ORGANISM	AT	

THE	MOLECULAR	LEVEL	
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Molecular imaging 	
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DIAGNOSIS,	THERAPY	
AND	THERANOSTIC	



Radiazioni in Medicina 



The Golden Rule 



Cardiac Imaging Agents   

Tracer	 Half-life	 β+	Range	in	
Tissues	(mm)	 Mechanism	

82Rb	 78	s	 2.6	 Na/K-ATPase	
(perfusion)		

13NH3	 10	min	 0.7	 Diffusion/metabolic	
trapping	(perfusion)		

18F-FDG	 110	min	 0.2	 Glucose	transport/
hexokinase	(viability)	
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Decay of F-18 
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Rubidium-82  
(Rb+) 

•  Rubidium-82	(Rb-82)	is	produced	by	decay	of	
StronVum-82	(Sr-82)	

•  75	second	T½		
•  KineVcs:	

–  Potassium	analog	
–  High	extracVon	fracVon	at	high	flow	rates	



Rubidium-82 







THE	SPES-LARAMED	
PROJECT	
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As SPES  is the Latin word for hope, 
the four leaf clover (also depicted 
in fig. 2) is a suitable symbol for the 
project. Indeed, one may envisage four 
different phases of the SPES project, 
which will be reviewed in the following 
pages:

α-phase: construction of the new 
building and development, set-up, 
installation and commissioning of 
the proton driver, in completion 
phase.
β-phase: development and 
installation of RIB  production 
target,  transport and post-
acceleration of exotic beams 
by means of  the (existing and 
upgraded) ALPI superconducting 
linear accelerator, fully funded and 
in advanced stage.
γ-phase: research and production 
of radioisotopes for medical 
applications, the so-called 
LARAMED sub-project (funded and 
in progress).
δ-phase: accelerator-based neutron 
sources.

2  SPES-α : the building and the 
cyclotron

The SPES project has required a 
completely new development of 
buildings and related services. 

The SPES building is a new 
construction located west of the ALPI 
laboratory; it houses the Cyclotron, the 
ISOL production target area, the Radio 
Isotope Facility and the Application area 
for Neutrons see fig. 3a. At present the 
building is completed. It has a volume 
of about 50 000 m3 and its construction 
has required 60 000 tons of concrete 
and 1000 tons of steel.

The building includes six bunkers, 
one at the center  for the cyclotron, two 
for ISOL production targets on the East 
side (so that they are close to the ALPI 
post-accelerator) and 3 for activities on 
radio-isotopes of medical interest on 
the west side, see fig. 3b.

Radiation shielding is an issue due 
to the high level of neutrons produced 
by the 50 kW total power of the 
proton beams from the cyclotron.   

The characteristics of the building 
are mainly dictated by the shielding 
requirements for radiation protection. 
The cyclotron cave and the other 
bunkers all have 3 meter thick concrete 
shielding.  

The SPES cyclotron is a compact four-
straight-sector machine, energized by 
a pair of room temperature conducting 
coils. The cyclotron accelerates an 
H‒-beam, provided by an external multi-
cusp ion source, up to 70 MeV. Since 
the proton extraction is done by the 
stripping process, the final energy varies 
within 35–70 MeV. 

Two independent extraction 
channels, placed at 180° one with 
respect to the other, provide for the 
simultaneous extraction of two beams. 
The maximum total beam current 
deliverable is estimated to be about 
700 μA.

The cyclotron   has been designed 
and built by BEST Theratronics (Canada), 
it has been installed in Legnaro and 
is presently in the commissioning 
phase, which will be concluded in the 

Fig. 2  The 70 MeV 700 µA proton cyclotron 
installed in Legnaro. 

SCIENZA 
IN PRIMO 

PIANO

The 70 MeV cyclotron installed at Legnaro National Laboratories 	



Installation of the 
70 MeV cyclotron 

Study of neutron-
rich nuclei for 
astrophysiscs 

Production of 
radionuclides 
for medicine 

Production of 
high-intensty 

neutron sources 

LARAMED  
Laboratory for the production of 

exotic RAdionuclides for 
MEDicine 
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RI-LAB	&	RI-FAC	
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LARAMED PROJECTS 

①  LARAMED: Design and installation of a facility at LNL for 
research and production of medical radionuclides. 

②  APOTEMA: Theoretical assessment of nuclear reactions 
potentially  usable for the production of 99Mo and 99mTc by high-
current cyclotrons. 

③  TECHN-OSP: Development of  a reliable technology for the 
cyclotron production and purification of  99mTc through the 
nuclear reaction 100Mo(p,2n)99mTc. 

 
④  COME: Experimental study of  the nuclear reaction 70Zn(p,x)67Cu 

as a potential new route to the production of  the medical 
radionuclide 67Cu. 

⑤  TERABIO: Development of high-power targets for the production 
of non-standard therapeutic radionuclides by high-energy and 
high-current proton beams. 



B.PONSARD  04/05/2010

Mo-99 Global Needs

World needs : about 
12.000 Ci 99Mo ‘6-days’
calibrated per week !!!

The “6-day Ci” is a unit of 
measure that takes the 99Mo 

decay rate into account, the losses 
during shipments,  and represents 
an average amount of 99Mo that 

would be available for use 6 days 
after processing 
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October 2016: Isotope Now Routinely Available, Test Batch 
Recipients Requested 
Notice #63 October 25, 2016 

The U.S. Department of Energy's Isotope Program is pleased 
to announce the routine availability of the isotope copper-67 (Cu-67: 
t1/2 = 2.58 days). 

Brookhaven National Laboratory currently has the capability of producing 
Cu-67 in an on-demand schedule using proton bombardment of a Zn-68 
target. Additional production capabilities will come online at the end of 
October, 2016, at Argonne National Laboratory. Argonne's Cu-67 
production will employ a phototransmutation (γ,n) reaction, and will 
commence with weekly production for basic science and pre-clinical 
research (http://science.energy.gov/~/media/np/nsac/pdf/docs/
2015/2015_NSACI_Report_to_NSAC_Final.pdf). 

National Isotope Development Center (NIDC) 
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70Zn(p,2p2n)67Cu	

y = 0.0189x3 - 3.3003x2 + 189.37x - 3524.3
R² = 0.8634

y = -0.0306x2 + 4.057x - 115.11
R² = 0.9818
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64CuCl2 in prostate cancer 



Imaging of  Glioma with Cu-64 Dichloride 



Therapy of  Glioma with Cu-64 Dichloride 



Therapy of  Glioma with Cu-64 Dichloride 



Isotope		 Half-life		 Decay	 Energy	(MeV)	
Zn-63	 38.47	min	 β+	 0.992	

Mn–52	 5.591	days	 β+	 0.244	

Mn–51	 46.2	min		 β+	 0.970	

Cu-64		 12.8	hours	 β+,	β-	 0.65	

Cu-67	 61.83	hours	 β-	 0.577	

Fe-52	 8.3	hours	 β+	 0.804	

Novel Radioisotopes for Medicine	



Working	group:	 	Alberto	AndrigheYo	
	 	 	 	Stefano	Corrade[	
	 	 	 	Francesca	Borgna	
	 	 	 	Michele	Ballan	
	 	 	 	Elisa	VeYorato	



ISOLPHARM	Method	overview	
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ISOLPHARM2	-	111Ag	for	therapy?	

111Ag	producVon:	SPES	UCx	target	-		PPB	40	MeV	,	200	µA		

•  τ½:	7,45	days	
•  γ	emission	
•  Auger	emission	
•  β-	up	to	1036	keV	

Time	 Produced	acVvity	
[days]	 [Bq]	 [Ci]	
0,5	 9,46E+09	 0,26	
1	 1,92E+10	 0,52	
1,5	 2,85E+10	 0,77	
2	 3,74E+10	 1,01	
3	 5,4E+10	 1,46	
4	 6,92E+10	 1,87	
5	 8,29E+10	 2,24	
10	 1,35E+11	 3,66	
15	 1,68E+11	 4,55	
20	 1,89E+11	 5,11	
25	 2,02E+11	 5,46	
30	 2,1E+11	 5,68	
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The	ISOLPHARM	patent	
The	use	of	ISOL	technique	for	the	produc_on	of	radiopharmaceu_cals	is	a	INFN	PATENT	

Patent	_tle:	



First X-ray Image	 PET/CT/MRI Molecular Image	

From Anatomy to Molecules 
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Science owes more 
to steam engine 

than steam engine 
owes to Science 

    L.J. Henderson (1917) 
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