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Introduction 
 

The SPES facility at the LNL  
 

     Modification of shell structure 
 

           Soft modes, nuclear EOS and neutron skins 
 

          New Detectors for RIBs  

The SPES radioactive ion beam facility: 
Scientific Program 



•  Selective 
Production of 
Exotic Species 

•  Optimized use of 
the two exits high 
current proton 
driver 

production of  re-accelerated 
neutron-rich exotic beams 
1013 fission/s in-target 
production, and re-acceleration at 
10*A  MeV  (A=132) 
 
Radioisotope production & Medical 
applications 
innovative radiopharmaceuticals  
(e.g. Sr-82, Cu- 64, Cu-67) 
 
Fast	neutron	produc.on	&		material	
applica.ons:	Atmospheric	neutron	spectra,	
QMN		
Single Event Effect, neutron capture 
cross sections 
 
 



SPES Facility @ LNL 
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~ 50 x 80 m2 



Exis.ng	facility	

ALPI	

3°	Exp.Hall	

Tandem		

SPES Facility Layout 

70	MeV	0,75	mA		
Proton	cyclotron	

SPES sub-systems 

1 Building and infrastructures with 2 ISOL bunkers for 
radioactive beam and application area for radioisotopes and 
neutrons 

2 Cyclotron 70 MeV protons with 2 independent exits 

3 ISOL UCx target designed for 1013 f/s 

4 Beam transport with High Resolution Mass Separation 

5 Reacceleration with ALPI superconducting linac  
(10A MeV A=130) 

6 Radioprotection, safety & controls 

1	

2	

Target	under	
opera.on	at	2000oC	

5	
4	

Control	system		

6	

3	
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Preliminary results from alpi performances with 2 cavities as margin, 
Low Beta=5 MV/m, Medium Beta=4.3 MV/m, High Beta=5.5 MV/m 

(M. Comunian) 
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Project evaluation,  
Evaluation of the LOI 
and of the new instrumentation 

Organization of workshops 
On dedicated aspects of the  
Project (one-day workshops:  Ex.  
Transfer Reactions Napoli, Coulex  
Firenze, Collective modes Milano 
Ground state properties and β-decay 
Milano May 2015 
Preparing the SAC evaluation phase  

SPES Scientific Program 



SPES2010	Workshop		
(LNL-	November	15th-17th,	2010)	

24	LoI’s	for	reaccelerated	exo;c	beams	

PRISMA	
GALILEO	

*Fazia	
**CHIMERA	

TRACE	
GARFIELD	

*NEDA	

*AGATA	

RIPEN	

*PARIS	

Presented	37	LeAers	of	Intents		

SPES LOIs   
 Topics 

GS properties 

moments 

Coulex 

DirReac with 
ActiveTarget 
DirReac with Si 

SPES LOIs 
Spokespersons 

Italy 
France 
Poland 
Russia 
USA 
Belgium 
Croatia 
Norway 
Bulgaria 
Spain 
Russia 
China 

VANDLE 





NUCLEAR STRUCTURE OF EXOTIC NUCLEI 
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EFFECTIVE INTERACTIONS IN MEDIA 
 
•  When going from free space to medium the 
Interactions are modified (density dependent forces) 
•  When going from infinite to finite Hilbert space the 
Interactions are further modified (truncation schemes) 
 



NUCLEAR STRUCTURE OF EXOTIC NUCLEI 
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EFFECTIVE INTERACTIONS IN MEDIA 
 
•  When going from free space to medium the 
Interactions are modified (density dependent forces) 
•  When going from infinite to finite Hilbert space the 
Interactions are further modified (truncation schemes) 
 

Nuclei close to the dripline are important since  
they are correlations dominated 

Giacomo de Angelis 



Mean Field Models 
•  DFT 
•  RMF  

Shell Model 
w/ configuration 
interaction 

Ab initio 
•  GFMC 
•  NCSM 
•  CC 

One of the challanges: Do we understand the structure 
of the nuclear systems? 

Realistic interactions 
•  AV18, CD Bonn + 3N 
•  χEFT 

Effective interactions 
•  Vlow-k, VUCOM, G-matrix (+3N) 



Type 1 shell evolution 
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EFFECTIVE INTERACTIONS IN MEDIA 
 
When going from free space to medium the 
Interactions are modified (density dependent forces) 
When going from infinite to finete Hilbert space the 
Interactions are further modified (truncation schemes) 
 



is 
・attractive for  j>  -  j<',   j<  -  j>'  
・repulsive for  j>  -  j>',   j<  -  j<'  

[Otsuka et al., PRL 95 (05) 232502] 

[Otsuka et al., PRL 97 (06) 162501] ● Monopole energy of the tensor 
interaction 
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Shells do evolve, .... due to the tensor force (Type 1 
evolution). 
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no 28O !  

stable double-magic nuclei 
4He, 16O, 40Ca, 48Ca, 208Pb 

radioactive:  56Ni, 132Sn,  
magic ?    48Ni, 78Ni, 100Sn  

70Ca ? 
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40Ca 
42Si 

48Ca 

32Mg 
Island of inversion 

Strong deformationà 
Tensor forces? 

One of the challanges: New magic numbers? 
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	Evolution of the single-particle states around 132Sn 

Courtesy of A. Gargano 
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Courtesy of A. Gargano 

è One-par;cle	spectroscopic	factors	which	give	direct	
informa;on	on	single-par;cle	excita;ons	

LOI SPES D. Mengoni (Uni. Pd)  



LOI from KU Leuven (Be) 



Z=50	

N=82	

10	mb	
1	mb	

GRAZING		calcula,ons	
Conserva,ve	es,mates	for	more	than	1	nucleon	transfer		

130Sn	
1.6	108	

131Sn	
6.8	107	

132Sn	
3.1	107	

133Sn	
2.8	106	

134Sn	
5	105	

129In	
1.1	105	

130In	
1.5	104	

131In	
2.8	103	

132In	
1.9	103	

133In	
-	

128Cd	
2.9	103	

129Cd	
2.5	102	

130Cd	
-	

SPES	Beams	

STUDY	OF	NUCLEI	
			1	and	2	nucleons	away		

				from	132Sn		
	

à FOCUS	ON		
						Par;cle-Phonon	couplings	
						with	2+	(7.2	Wu)	and		
															3-		(	>	7	Wu)	of	132Sn	
						(responsible	for	quenching	of		
							Spectroscopic	Factors)	
	
à	Iπ,	B(Eλ)	

Heavy-ion binary reactions as a tool for detailed gamma 
spectroscopy in exotic regions:  Univ. Mi (I), INP Krakow (PL) 



133 Sn 

134 Sb for example: 133Sn + 7Li    134Sb+α+2n 

L. Coraggio, A. Covello, A. Gargano, N. Itaco, 
PRC 80, 021305(R) (2009) 

L. Coraggio et. al. PRC 66, 064311 (2002) 

Cluster transfer for 
higher selectivity 

Giacomo de Angelis 



N=34 subshell closure due to the effects of three body 
forces driving the monopole part of the nuclear Hamiltonian 

Shell model calculations with effective interaction based on chiral  
Effective field theory and three body forces (G. Hagen PRL 109 2012)  

Shells do evolve ….due to 3 body interactions 







N=34 subshell closure due to the effects of three body 
forces driving the monopole part of the nuclear Hamiltonian 

Shell model calculations with effective interaction based on chiral  
Effective field theory and three body forces (G. Hagen PRL 109 2012)  

Beta delayed 
n spectroscopy 
n-γ coincidences 
 



Type 2 shell evolution 
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QUANTUM PHASE TRANSITIONS 
 
New shape phase transition regions? 
Approach to criticality (critical symmetries) E5… 
……….. 



Shells do evolve..for increasing spin:Type II evolution 





Effective single-particle energy	

effect of 
tensor force	
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Nuclei show some of the best example of QPT.  
The phases are between different shapes  
(spherical, axially deformed…)  
Also signature of critical behaviour 
Have been suggested: 
Critical symmetries 

Giacomo de Angelis 



Oblate-Prolate shape coexistence in Kr at N=60: LNL 

LOI LNL (I)…. 



High order Exotic deformations 



Configurational Isospin Polarization 
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EFFECTIVE INTERACTIONS IN MEDIA 
 
When going from free space to medium the 
Interactions are modified (density dependent forces) 
When going from infinite to finete Hilbert space the 
Interactions are further modified (truncation schemes) 
 





Also,  

decoupling of neutron from the core 

+ + + 

eeff(n) ∼ 0.5 

(in a normal nucleus) 

eeff(n) ∼ 0  ?? 

core 

(in a n-rich nucleus) 

Such an effect can be detected through measurement of 
electric quadrupole moments Q associated with nuclear 
spin. 

ebare(n) = 0 



Configurational Isospin Polarization: B(E2)s for nuclei with n-
excess 



π-ν balance of Q-coll. states of even-even n-rich Te, Xe and Ba  



Collective Modes 

40 

è probe bulk properties of nuclei 
è   in-medium modification of NN interaction 

è  symmetry energy 
è  compressibility 

è  New soft modes 
 
 

Radioactive beams allow study 
of isospin dependence 



Low-lying dipole excitation via nuclear  
probes in exotic nuclei:  INFN Ct and Uni Pd   





LOI  Ct, LNL 



	Pygmy	dipole	resonance	via	β	decay	
IPN-Orsay	

The large Qβ-value window (> 12 MeV) allows populating at least the PDR   

The β decay could populate states 
which are the PDR on the IAS(R)  of 

the mother nucleus 

134Sn SkI3 

PDR 

QRPA calculations with the SkI3 
interaction: PDR at 10 MeV 

Example: 134In -> 134Sn (Qβ= 14.7 MeV) 
                 νf7/2 -> πg9/2 
 
β decay: ν2f7/2 -> π2f7/2, π2f5/2 ; 

1g9/2 

2f7/2 
2f7/2 

E1 

π ν 

133,134In rates @ ALTO:  1000 pps ;  25 pps (100 times higher at SPES)  



Pair Transfer  

45 
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Pair Transfer Processes with SPES beams: INFN LNL  

Giacomo de Angelis 



Neutron-rich heavy nuclei explored via  
multinucleon transfers: Uni. Zagreb, IRES Strasbourg 



48 

Deep Inelastic and Multinucleon Transfer 
Reactions with RIBS 

α γ 
δβ

76Rb+208Pb 

94Rb+208Pb 

GRAZING code calculations 





Super Heavy Elements   

50 
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LOI  LNL, Dubna (Ru) 



2nd SPES Workshop 

Probing the Island of  Stability with SPES beams 
 
 
 

E. Vardaci, A. Brondi, G. La Rana, D. Pierroutsakou, P.R. Rath 
INFN and Dipartimento di Fisica dell’Università di Napoli, I-80126 Napoli, Italy 

 
E.M. Kozulin, G. N. Knyazheva, I.M. Itkis, K.V. Novikov, I-M. Barca 

Flerov Laboratory of  Nuclear Reactions, JINR, Dubna 
 

S. Heinz, O. Beliuskina, T. Dickel, H. Geissel, C. Heinz, W. Plass, C. Scheidenberger,  
GSI Helmholtzzentrum für Schwerionenforschung, 64291 Darmstadt and 

Justus-Liebig-Universität, Germany 



Cluster Structures  
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Cluster model 
 
Role of discrete symmetries (D3h,Td…) in dense systems? 
Motion of neutrons in a mean field with discrete symmetry 
in diffuse systems? 
 

Giacomo de Angelis 



n 
2H 1H 

3He 4He 
3H 

6Li 7Li 

9Be 

6He 

8Li 
8He 

8Be 7Be 10Be 
9Li 

11Be 12Be 
11Li 

10B 11B 12B 13B 14B 15B 
14Be 

9B 8B 

12C 13C 14C 15C 16C 17C 18C 19C 20C 
17B 19B 

11C 10C 9C 8C 

14N 15N 16N 17N 18N 19N 20N 21N 13N 12N 11N 

12O 13O 14O 15O 16O 17O 18O 19O 20O 21O 22O 

core 

core 

neutron halo	

neutron skin	

Decoupling of  
Proton and neutrons	

α α 

α α 

molecular	

α 
α 
α 

dilute gas	

α 
α α 

0+
2 in 12C 

6He,11Li,11Be 

8He,C 
Be isotopes 

10C, 16C 

3-
2 in 14C 

triangle	

excited states 

He	
Li	
Be	
B	

C	

H	

vanishing of  
magic number 

 Study of cluster states using the Resonance Scattering Method: LNS  



132Sn	+	27Al	@	11	AMeV	

28 Si 30 Si 

27Al 

SPES	beam	intensi;es	are	referred	to		
Ep=40	MeV		--	Ip=200	µA	on	Ucx	tgt	

87R
b 
1,6 
108 

96R
b 
2,0 
107 

94R
b 
2,7 
108 

85Rb	

132S
n 

2,0 
107 

116S
n 

124S
n 

130S
n 

1,6 
108 

114S
n 

130-132Sn	+	30-28Si	@	11	AMeV	

114-116Sn	+	30-28Si	

94-96Rb	+	30-28Si	
85-87Rb	+	30-28Si	

STABLE	targets	

SPES 
Day 1 
Beams!  
(I /40) 

T.	Marchi	–	Leier	of	intent	on	pre-equilibrium	emission		–	Legnaro,	26-29	May	2014	

Preequilibrium emission: a tool to study dynamic effects and 
clustering structure in exotic nuclei :  LNL, NUClex  



Isospin Effects in Nuclear Reactions  

56 
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C. Fuchs, H.H. Wolter, EPJA 30(2006)5 

E/A (ρ) = E(ρ) + Esym(ρ) β² β=(N-Z)/A 
Often used parametrization:  

 

 γ<1  asy-soft, γ>1 asy-stiff 

γρρ )/( 0≈pot
symE

Effective interaction and Symmetry Energy   

asy-stiff 

asy-soft 

zoom at low density 

asy-soft 

asy-stiff 

asy-soft 

asy-stiff 

n

p

Symmetry potential  : 
 
 -  Below normal density : 
     larger per asy-soft 
 
 -   Above normal density: 
     larger for asy-stiff 

...
3

)(
0

0
0 +

−
+=

ρ
ρρ

ρ LSEsym

 γ = L/(3S0)  

or J 

asy-soft 

asy-stiff 

β=0.2 
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One of the challenges: Isospin Effects  
on Nuclear Structure & Reactions 

1) Effect on the Limiting Temperature  

Limiting temperatures calculated for isotopes of O, Ca and 
Zr [from Li, Z. et al. Phys. Rev. C 69, 034615 (2004) ] 

The role of ISOSPIN in  
the dynamics & thermodynamics of Nuclear  Reactions 

2) Effect on the Level Density  

Enhanced effects  
using Z-Zo prescription 

 largest cross sections with the n-rich 124Sn target 

3) Effect on the nucleon 
exchange /drift 

Projectile 

Target 

Excited  
Projectile-like 
Fragment  (PLF) 
           or  
Quasi-projectile 

LOI SPES G. Casini Uni. Fi 
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 Isospin Effects on Nuclear Structure & Reactions 
 

n-rich 
46Ar+64Ni 
NP/ZP=1.56 
NT/ZT=1.29 

n-poor 
46V+64Ge 
N=Z 

a
sy

so
ft 

a
sy

st
iff

 

n-rich à asysoft àless repulsion à fusion 
n-pooràasysoftàmore repulsion (larger Coulomb)à deep inel. 

Example of trajectories 
leading either to fusion 
o r  t o  b r e a k - u p 
(correlations between 
q u a d r u p o l e  a n d 
octupole moments 

Competition of reaction mechanisms:  
fusion versus break-up processes  

(deep inelastic and fragmentation) 

Less repulsion at low density (neck) larger surviving 
probability 
Presence of the neck: observable to constraint the 
symmetry energy 



LOI @ SPES 2014 
ISOSPIN DEPENDENCE OF COMPOUND NUCLEUS FORMATION AND 
DECAY 
E. DeFilippo, J. D. Frankland, S. Pirrone, G. Politi , P. Russotto et al. 
Neutron richness of a compound nucleus is expected to play a crucial role in the 
competition between various de-excitation channels  
                 -> Information about level density, fission barrier, viscosity 

Novel information can be obtained by the study of the fission cross section across 
long isotopic chains of compound nuclei, extending from the neutron-rich to 
neutron-poor side 88,94 Kr+ 40,48Ca  @  E/A = 10 - 12 MeV/

A 

G.Politi et al, ARIS 2014 - JPS Conf. 
Proc. 



Dynamical Dipole Resonance with SPES Beams 
The Dynamical Dipole Resonance (DDR) is a collective oscillation occurring at the 
beginning of the interaction between nuclei with different N/Z. 

The centres of mass of 
protons and neutrons don’t 
coincide and a dipole 
moment oscillation develops 
in the mean-field of the 
system, with emission of high 
energy gamma.  

       Second International Spes Workshop, LNL, 26 th- 28th May 2014 

N1/Z1 

N2/Z2 

Dynamical Dipole γ emission from a not 
equilibrated source  

γ

γ

Earlier stage of nuclear interaction  

𝑁↓1 /𝑍↓1  ≪𝑁↓2 /𝑍↓2   

The damping of the DD 
emission is connected to 
the dynamical evolution of 
the system towards the 
isospin equilibration. 





Reaction N/Z CN D0 
(fm) 

124Sn+56Fe 1.48 – 
1.15 

180Os 25 

90Kr+90Zr 1.50 - 
1.25 

180Os 21.
5 

Reaction N/Z CN 
124Sn+58Ni 1.48 – 

1.07 
182Pt 

124Sn+64Ni 1.48 - 
1.29 

182Pt 

132Sn+58Ni 1.64 – 
1.07 

190Pt 

Reaction N/Z CN 
124Sn+48Ca 1.48 - 

1.40 
172Yb 

132Sn+40Ca 1.64 – 
1.00 

172Yb 

Energy range 6-12 AMeV 

Reaction N/Z CN D0 
(fm) 

133Cs+48Ca 1.42 – 
1.40 

181Re 1.2 

141Cs+40Ca 1.56 - 
1.00 

181Re 36 

142Cs+40Ca 1.58 – 
1.00 

182Re 36 

SPES beam (UCx 200 µA) 

141Cs : 2.6* 108pps 

142Cs : 2.69* 107 pps 

90Kr : 8.74* 107 pps 
132Sn : 3.11* 107 pps 

132Sn: the “monster” 
resonance 

Possible DDR dependence on the mass 
asymmetry between projectile and target 
(same initial dipole, obtained with a mass 
asymmetric and symmetric system to test 
possible difference in the dynamics of 
interaction)  

New subject 

The proposed experiments: CN reactions 
LOI INFN Mi etc. 
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Nuclear Astrophysics 
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One of the challenges: Origin of the elemental 
abundances in the solar system 

66 

dex=12+Log(X/Hydrogen) 

Stars are mostly made of 
hydrogen and helium, 
but each has a fairly 
unique pattern of other 
elements 
 
The abundance of 
elements tells us about 
the hystory of events prior 
to the formation of our 
Sun  
 
The plot shows the 
composition of the Sun 
Photosphere 
 
How are these elements 
created prior to the 
formation of the Sun?  

Asplund M. et al. 
Ann. Rev. Astr. 47, 481 (2009)  



n-rich region of Pb and Ni 

-  β-decay	half-lives	
-			neutron	emission	probabilities	
	
different in DEFORMED and  
SPHERICAL nuclei 

τβ SPH		~	10	x	τβDEF	
 
PnSPH				~			0.5	x	PnDEF		

à	Large uncertainty in r-process location  
à difficulty to extrapolate to more exotic regions  
	

Importance of Nuclear Structure studies 
 in the vicinity/towards r-process path:  
 
… first excited states 
…	Isomeric states   
…	β	decay lifetimes  

67 

r-process nuclei:  
β-decay and isomer spectroscopy 

Star Mergers 

Neutrino Driven Winds 

MHD Supernova Jets 
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Direct reaction in Novae 18F(p,α)15O,  30P(p,γ)31S, and 25Al(p, γ)26Si,  



Direct reactions in x-ray bursts 

14O(α,p)17F,  18Ne(α,p)21Na, and 30S(α,p)33Cl  

giant star 

hydrogen 

white dwarf  (nova)  
or 

neutron star (x-ray burst)  17F + p 

18Ne + α 

21Na + p 

14O + α
  



s-process nucleosynthesis and stellar n-flux 



SPES LOI: The 79Se(n,γ) capture cross section via the surrogate   
79Se (d,p) 80Se reaction    IFIC   Spain 
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r-process nucleosynthesis  
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r- process	and	abundances in ultra metal-poor stars	
UMP giants stars provide crucial constraints to the stellar nucleosynthesis. 

Comparisons between 10 r-process rich stars and SS  

Its elemental abundances are 
consistent with the solar  
r-process elemental distribution. 

Adapted from Sneden et al. (2011) 

Overproduction of stable  
Sr, Y, and Zr isotopes in  
some UMP, compared to  
the SS r-process pattern. 
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LOI ORNL (USA) 

Transfer reactions to constrain 
Capture cross sections 
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Transfer reactions to constrain 
capture cross sections (direct 
or statistical) 

LOI ORNL (USA) Surrogate method 







Fundamental Symmetries 
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The lopsided nuclei, described today (May 8) 
in the journal Nature, could be good 
candidates for researchers looking for new 
types of physics beyond the reigning 
explanation for the bits of matter that make up 
the universe (called the Standard Model), said 
study author Peter Butler, a physicist at the 
University of Liverpool in the United 
Kingdom. 

The findings could help scientists search for 
physics beyond the Standard model, said 
Witold Nazarewicz. An electric dipole 
moment would provide a way to test 
extension theories to the Standard Model, 
such as supersymmetry, which could help 
explain why there is more matter than 
antimatter in the universe. 

ONE OF THE CHALLENGES: REFLECTION ASYMMETRIC 
NUCLEI AND STATIC ELECTRIC DIPOLE MOMENT 
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In an octupole deformed nucleus the center of mass 
and center of charge tend to separate,  
creating a non-zero electric dipole moment. 

Octupole collectivity 



P,T-violating n-n interaction 

energy splitting of parity doublet 

Schiff moment: 

Measure: Q3 in even-A Rn, Ra   
                 ΔE in odd-A Rn 
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224Ra 

Schiff moment enhanced by ~ 3 orders of 
magnitude in pear-shaped nuclei 
 
Search candidates are odd-A Rn [TRIUMF ] 
and Ra [Argonne, Groningen/ISOLDE] 

SKOL 

J Dobaczewski (Trento, 2010) 

V Spevak, N Auerbach, and VV Flambaum  
PR C 56 (1997) 1357  

ONE OF THE CHALLENGES: REFLECTION ASYMMETRIC 
NUCLEI AND STATIC ELECTRIC DIPOLE MOMENT 
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Coulomb excitation 
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229Pa by 232Th(p,4n) reaction 
Octupole strength measured 
via Coulex    

Goal: Octupole deformation in 
229Pa 
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ONE OF THE CHALLENGES: RADIONUCLEI FOR MEDICINE 





Giacomo de 
Angelis 



Giacomo de 
Angelis 



Actual status 

Already	done:	
•  Building: 	interna.onal	bid	completed,	just	works	star.ng	
•  Cyclotron: 	on	construc.on		by	BEST	(Canada)	
•  ISOL	target:	prototype	developed	and	under	opera.on	in	lab	
•  Safety	&	control: 	authoriza.on	to	the	cyclotron	opera.on	
just	obtained,	a	Quality	and	Safety	System	under	
implementa.on		

To	be	done:	
•  Radioac;ve	beam	selec;on	and	transport				par;ally	FUNDED	
•  Charge	breeder	for	increasing	the	charge	state			FUNDED	
•  RFQ	for	pre-accelera;on				FUNDED	
•  Upgrade	of	the	ALPI	superconduc;ve	Linac			par;ally	FUNDED	
•  General	control	system	and	safety			par;ally	FUNDED	

Complete funding expected in three years. Total cost: 51 Meuro 91	



Structure studies via direct reactions (5 LOIs)  

β delayed n- and γ-spectroscopy (ORNL USA) 

Cluster Structures via fusion evaporation with RIB (I..) 

Mass Measurement via multy bounce TOF (D) 
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β decay and r-process nucleosynthesys (CENGB F) 

Structure studies by Safe COULEX (7 LOIs) 

  SPES 2014 may 26-28 2014 LNL   

Collective excitations with exotic beams 





AGATA @ SPES 
2019-2020 

LNL GANIL 



 Neutron Detector Array   

•  Versatile neutron detector to be coupled to gamma-ray arrays  
•  Neutron detection is based on the liquid scintillator EJ301 with good 

neutron-gamma discrimination capabilities. 
•  Single hexagonal detector FEE fully digital system: 

–  200 MHz and ENOB 11,3 
–  Global Trigger System - GTS 

Predecessor 
Neutron Wall 

AGATA 

NEDA 



Time line of NEDA 

2016 2017 2018 2019 2020 2021 

Production 
of NEDA 

NEDA/
AGATA@GANIL 

NEDA 
SPES 

NEDA HIE-
ISOLDE?? 

 
 

 
 

 
 

 
 







The FAZIA project  





Ac;ve	Target	Detectors:	ACTAR	

ERC:	ACTAR	TPC		-	G.	Grynier	-	GANIL	
ERC:	SpecMAT	-	R.	Raabe	-	K.U.	Leuven	[A
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Proton	energy	resolu;on	for	the	
78Ni(d,p)	reac;on	at	8	AMeV	

with	4x4	mm2	pads	

ACTAR	+	γ-ray	array	



Decay Station at SPES:  LOI Mi ,….. 

Tape	 

Tape	 



  Total Absorption Spectrometer (TAS) or MTAS (ORNL) 

β-decay 

16 × NaI(Tl) crystals:  
• 15×15×25 cm3 

• Minimum dead-material 
• 5” PMT:  ETL9390 

Information on the multiplicity  
of the gamma cascade 

All crystals delivered 

TDR submitted in 
2012 and accepted! 

Courtesy of B. Rubio 



THANK YOU 
Thanks for attention 


