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PART	2	
The	SPES	project	at	INFN-LNL	

PART	1	

The	atomic	nucleus	



A many-body quantum system, 

source of  its binding force field  

PART	1:	

The	atomic	nucleus	



sclaimer: waves and par1cles

		

Louis	de	Broglie	1924	



Size of the atomic nucleus

		

Order	of	magnitude:	1	fm	(femtometer,	Fermi)	~	10	-15	m		?	



cleons

Nucleone	
Carica	

(Qe)	

Massa	

(MeV/c2)	
Spin	 Vita	media	

Protone	 +1	 938,27	 1/2	 >1,6	×	1033	anni	

Neutrone	 0	 939,57	 1/2	 880,2	s	

Proton	 Neutron	



e strong force

…and	the	residual	interacYon	



t us build a nucleus



e Nuclear Chart



therford experiment - observa1on



therford experiment - model



therford experiment - publica1on

Philosophical Magazine, 21 (1911) 669 

	Rutherford	experiment	is	the	prototype	of	any	

Nuclear	Physics	experiment	



clear reac1ons

Modeling	reac3on	dynamics	



ploring  the nuclear chart with nuclear reac1ons

In	the	next	decades,	Nuclear	Physics	will	

focus	on	RadioacYve	ion	beams	to:	

•  Explore	and	locate	the	extremes	of	nuclear	

existence	

•  Discover	exo3c	proper3es	of	nuclei	

(shapes,	structure	evolu3on)	

•  Explain	the	role	of	isospin	in	complex	

systems	(nEOS,	Esym)	



Ion	source	 Accelerator	 Experiment	

clear Physics at par1cle accelerators



‘’A broadband facility’’ 

PART	2:	

The	SPES	project	at	

LNL	





able vs Radioac1ve ion beams

SPES	

ISOL	

Target:	
UCx,	SiC,...		

1013	fiss./s	

T	~	2000oC	

3	sources	SIS,	
LIS,	PIS	

~	8	kW	power	

Ion	

source	



Oct	2013	



ALPI	

Tandem-Piave-Alpi	

PRISMA					GALILEO	

GARFIELD	

SC-	LINAC		

(Veq~50	MV)	

TANDEM-XTU	

14	MV	-		Tandem	

PIAVE	

ECR	Ion	source	+	RFQ	injector	

Opera1ng facili1es at LNL



Opera1ng facili1es at LNL     and   SPES

ALPI	

Tandem-Piave-Alpi	

PRISMA					GALILEO	

GARFIELD	

TANDEM-XTU	

14	MV	-		Tandem	

PIAVE	

ECR	Ion	source	+	RFQ	injector	

ISOL	RIBs+	Post-
Acc.	

Nuclear	
ApplicaYons	

Nuclear	
Medicine	

SC-	LINAC		

(Veq~50	MV)	



e SPES project at LNL.

Tandem-Piave-Alpi	
SPES	

RFQ	injector	

Charge	Breeder	

PRISMA					GALILEO	

GARFIELD	

𝜓↓𝑁.𝑃. = 𝛼 𝜓↓𝑆𝑃𝐸𝑆𝛼 	+  𝛽 𝜓↓𝑆𝑃𝐸𝑆𝛽 	
SPES	mixing		

SPES	ISOL	source	

HRMS	



2015	

e weight of science: déjà-vu…

1979	



Cyclotron	installed	at	LNL	

e SPES cyclotron



SPES	

ISOL	

Target:	
UCx,	SiC,...		

1013	fiss./s	

T	~	2000oC	

3	sources	SIS,	
LIS,	PIS	

~	8	kW	power	

Beam	test	at	iThemba	lab.	(2014):	66MeV	protons,	60	µA	on	full	scale	SiC	prototype	at	1600	oC	(FEM	sim.	ValidaYon)	

Former	beam	tests:	ORNL	(2007,	2010-2011)	SiC,	Ucx;	ISOLDE(2009)	UCx,	IPNO	(2013)	UCx.	

Front	End	and	Target	System:	procured.	

	Target	handling	systems,	Heat	resistance	tests,	Nuclear	Safety.	

AGV	

CARTESIAN	

e core of SPES-β: the ISOL target





ES beams “menu”

[hjps://web.infn.it/spes/]	



SPES-γ: the LARAMED project



Capable	of	selecYng	and	isolaYng		

a	SINGLE	RADIO-ISOTOPE	
	

•  high Specific Ac1vity 

•  high Radionuclide Purity

ISOLPHARM	allows	to	produce	

	unconvenYonal	medical	radionuclides	

		

SPES-γ: the ISOLPHARM project



…Bonus  track… 

PART	3:	

experiments	



ars in the lab: direct reac1ons

	

32S(3He,d)33Cl	

OSCAR	@	LNL	

Courtesy	of	the	NUCLEX	collaboraBon	



nema1cs and energy levels



sion-evapora1on reac1ons with the GARFIELD setup



sion-evapora1on reac1ons with the GARFIELD setup



vel detectors for new experiments

electric
field

incoming
beam

range

gas volume

segmented
plane



+p->12C-> α + α + α	

vel detectors for new experiments



Stardust

53	–	Fred	Hoyle’shypothesis	to	explain	the	12C	abundance	in	the	universe.	

2022	–	12C	is	s3ll	subject	of	forefront	research	



Thank you … 

and  GET INSPYRED! 




