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ISOL FACILITY 

SPES layout  SPES è un Progetto Speciale ŘŜƭƭΩLbCb per la realizzazione di una facility di 
Fasci di ioni ricchi di neutroni. 
 
SPES è il progetto per lo sviluppo della Fisica Nucleare in Italia. 
 
Ha un costo valutato di 45 Milioni di euro.  
 
Il sito per la realizzaizone del progetto sono i Laboratori Nazionali di Legnaro. 



 
 
 

1. Develop a Neutron Rich ISOL facility delivering Radioactive Ion Beams at 10AMeV  
using the LNL linear accelerator ALPI  as re-accelerator . 
 

2. Make use of a Direct ISOL Target  based on UCx and able to reach        
      1013 Fission/s to produce neutron rich exotic beams. 

 
1. Apply the technology  and the components of the ISOL facility to develop 

applications in  neutron production and medicine. 

a  

b  d  

g  

Exotic nuclei 
 

ISOL facility for 
Neutron rich nuclei by 

U fission 1013 f/s 
 
 

high purity beam 
Reacceleration up to 

>10 MeV/u 

Applications  
 

Proton and neutron 
facility for applied 

physics 
 

Radioisotope 
produduction 

& Medical 
applications 

 

SPES strategy 



SPES Facility Layout 

the SPES facility inside LNL 

ALPI Exp. Hall 3 

Spes isol 

~ 50 x 60 m2 

Second generation facility for the productin of 
radioactive beams coupled to the ALPI-LINAC 
accelerator 



Vedremo  
 

üPerchè è interessante costruire una infrastruttura di ricerca 
che acceleri fasci instabili 
 

üCome funziona la produzione di fasci instabili 
 

üQuali sono le parti principali del sistema 
 
üvǳŀƭΩŝ lo stato del progetto 



Super Heavy 
stability ??? 

114 

184 

2 proton Radioactivity 
Prevista negli anni 60 

94 Ag 
2006 GSI 

45 Fe 
2000, Ganil 

Halo nuclei 
Borromean nuclei 
11Li Pigmy resonance 

Evolution of shell 
nuclear structure 

? 

terra incognita 

36 Si 



The r - process 

New  
element 

 
 

(g,n) photodisintegration 

Equilibrium favors  

ñwaiting pointò 

b-decay 

Neutron number 

Seed 

Rapid neutron 

capture 

neutron capture timescale: ~ 0.2 ms 



Comportamento dei nuclei lontani dalla 
valle di stabilitaΩ 

Neutron Drip Line 

Quanti neutroni si possono aggiungere 
ad un nucleo composto da Z protoni? 

tŜǊŎƘŝ ƭΩŀōōƻƴŘŀƴȊŀ Řƛ ŜƭŜƳŜƴǘƛ ƴŜƭƭŜ ǎǘŜƭƭŜ 
non è quella che si trova sulla Terra? 

Elemental solar abundance 

Numeri magici e evoluzione del modello a shell 

Nuove intereazioni tra i 
livelli nucleari possono far 
cambiare i Numeri Magici 



 

 

Stable nuclei:  
bκ½ Ғ м - 1.5, Sp Ғ {n Ғ с - 8 MeV 
¸Homogeneously mixed protons and neutrons 
¸Good mean-field description 
¸DƻƻŘ άǎƛƴƎƭŜ-ǇŀǊǘƛŎƭŜέ ǇƛŎǘǳǊŜ όƳŀƎƛŎ ƴǳƳōŜǊǎύ 
¸Large gaps between major shells 
¸Empirical shell-model interactions 

Very neutron-rich nuclei:  
bκ½ Ғ н - 2.5, Sn << 1 MeV 
¸Diffuseness of neutron distribution (neutron skins & halos) 

¸More states near the Fermi surface 
¸Breakdown of the single-particle description 
¸Redefinition or disappearance of magic numbers 
¸Unknown shell-model interactions 

protons neutrons 

Qualitative Difference Near the Neutron-Dripline 

ProtonNeutron

Neutron skin

r

r

Neutron halo

r

r

p/n decoupling

Stable Nucleus

r

r

Pygmy resonance 



Physics Domain with RIB 

SPES  



Target 206 Pb 

Beam  
132Xe   144Xe 

144Xe 
132Xe 

neutron-rich radioactive beams and transfer reactions:  a tool 
to investigate nuclei far from stability 

Coupled channel calculations (Grazing). 
G. Pollarolo   



/ŀƭŎƻƭƻ ŘŜƭƭΩ9ƴŜǊƎƛŀ Řƛ 
legame per nuclei sferici con 
Modello a Shell  

Il Modello a Shell prevede un minimo a 
Z=114 N=184 
Previsioni diverse sono fatte con calcoli 
Hatree-Fock e Relativistic Mean Field 
Reazioni con fasci instabili possono 
raggiungere questa regione. 

Usando fasci esotici di Kr, Rb, Sr è possibile popolare Nuclei Composti ricchi di neutroni 
con Z =118-120-126.    (96Kr,98Rb, 98Sr) 



Call for Letters of Intent:  
Reaccelerated radioactive beams  

 
 
15 Nuclear Structure       9 Nuclear Reactions 
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International 
collaborations:  
Italy  
Bulgaria  
Hungary  
France  
Poland  
Spain  
Great Britain  
Turkey  
USA 
Slovakia  
Romania  
Croazia  
Russia  
India  
Germany  
Canada  

* european collaborations  

First Day Experiments 

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

The goal is to improve the scientific collaborations around 
the SPES facility, defining priorities in the development of 
exotic beams and instrumentation. 

Requested beams 

(Next call will be prepared for 2012-13) 

                        Instrumentation:  
1 GARFIELD Low threshold 4p LCP-Fragment array - F. Gramegna 

2 PRISMA     Large acceptance spectrometer - A.M. Stefanini  

3 8PLP          4p LCP-Fission Fragment array - M. Cinausero  

4 RIPEN       Neutron array -  M. Cinausero 

5 GALILEO    g-array - C. Ur  

6 TRACE      Compact LCP array - D. Mengoni 

7* AGATA      High performance  g-array  - E. Farnea  

8* FAZIA  High performance LCP-Fragment array - G. Casini 

9* NEDA   New generation neutron array  -   J.J. Valiente Dobon 

10* PARIS  New generation high energy g-ray array -  A. Maj 

11 CHIMERA (partial) Low threshold 4p LCP-Fragment array ς S.Pirrone 

24 

http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/141-garfield
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/140-prisma
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/142-8plp
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/143-ripen
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/147-galileo
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/150-trace
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/144-agata
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/145-fazia
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/146-neda


Nuclear Physics European 
Coordination Committee 

Radioactive Ion Beam 
production methods 

Direct target 

2 step target 
(n-induced reactions) 



Nuclear Physics European Coordination Committee 

European In Flight 
facility 

European ISOL  
facility 



5/30/2011 

 

 

 

 

Alberto Andrighetto 2005  

ISOL Possible configurations:  

1 STEP:  

Direct beam on target  

2 STEP:Proton- Nuetron  converter  

Production Target  

UCx 

Beam 

n, ǿ 

Converter  

  

UCx 

Beam 

Multi MW power 
100KW power 



          ISOL Roadmap in EUROPE 

2014-2025 

FROM 2025 

SPIRAL ς  LNS - EXCYT 

TODAY 1012 fission/s ,  
2 MeV/n (A=130) 

1013-14 fission/s   
10 MeV/n (A=130) 

> 1015 fission/s  
100 MeV/n (A=130) 
 
3x 100 kW direct target 
1x 5 MW 2-step target 

http://www.ganil-spiral2.eu/


SPES  -  ISOL   facility layout:  Level -1 

Cyclotron 

ISOL  bunker2 

ISOL  bunker1 Application 

bunker2 

Application 

bunker1 RIB transport to 

PIAVE-ALPI or  

RFQ-pre accelerator 

Artistic view of the SPES  isol  facility 

High Resolution 

Mass Spectrometer 

Charge Breeder 

Beam Cooler 



Il progetto SPES produce fasci 
radioattivi utilizzando la tecnica 
ISOL  con Bersaglio diretto 

Cosa succede nel bersaglio: 
 
Reazioni nucleari  e produzione di elementi  esotici Ą sezione ŘΩǳǊǘƻ 
Estrazione dei prodotti  di reazione    Ą tempi di effusione-diffusione 
 
Potenza assorbita   Ą Perdita di energia fascio primario 
Potenza dissipata   Ą termica  del sistema  Bersaglio-sorgente 

Caratteristiche e parametri fondamentali del bersaglio diretto 

Fascio primario: PROTONI       Ep > 40MeV 
Bersaglio: UCx  

Obiettivi:  
raggiungere 1013 fissioni/s 
Minimizzare i problemi di radioprotezione 



 

 

Gianfranco Prete 2006  

Experimental Fission Cross Section of 238U - > Ref:   

-   Phys Rev 111(1958) 886;  

-   Nucl Phys A175(1971) 177;  

-   Nucle. Sci. Eng. 136 (2000) 340  

Cross Sections  

238U Fission Cross Section
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Alberto Andrighetto 2008 

FISSION SPECTRA. 

Mass Fission Spectra
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Fission reaction 



ISOL production process 

Release mechanisms: 

V In-grain diffusion 

V Inter-grain effusion 

V Free effusion/adsorption 

V Ionization 

Operating temperature: 
At limit of melting 

1+ 



Geometry Entrance window  

Exit hole  

(0.4 cm inner radius)  

Container  : Cylindrical tube 
(1 mm thick): radius 4 cm; 
length 24 cm  

7 UCx Disks : radius 3 cm,   
1 mm thick. Mass ~9 g;      
(r = 2.5 g/cm3)  

3 Graphite Disks : radius      
3 cm, 0.2 mm thick.              
(r = 1.75 g/cm3)  

Graphite window : radius 4 
cm, 0.4 mm thick.  

Spacing Between disks :     
2 cm  

Exit cone length : 12 cm 

7 Ucx disks +  

3 graphite disks  



GEANT4 Example One event  132Sn 
generated in the 
the first UCx disk.   

Number of 
bounces:3485  

üThe events originate with 
the thermal velocity in the 
region of the UCx disks with a 
probability given by mcnpx 
calculations. The beam shape 
is supposed to be uniform on 
the disks surfaces  

üWhen an atom strike the 
walls of the container or the 
disks it is emitted following 
the cosine law after the 
òsticking timeó 

Å 1000 events 

Å Average number of bounces: 4161 + 195  

Å Average mean path: 166 + 7 m  

 

Ion (T1/2) Teffusion (s) 

132Sn (39.7s) 0.25 + 0.01 

EFFUSION time evaluation 



Numbers of collisions and Release time 

Collisions spes ALTO (Parnne) 

With container 103  104 105 

between grains 104  105 107 

With pills 102  103 105 

N = 105 N = 107 

Teff 0.1 1 

Teff = walking time in the container  

TSticking Sn = 10-6 sec 

Tdiff Sn= 1sec (ISOLDE UCx material) It depends on the element and grain size 

Release time = t = Tdiff + Teff + N x TSticking 

tSPES = 1 + 0.1 + 0.1 = 1.2 

tParnne= 1 + 1 + 10 = 12 

22 + 22 tablets  
2mmx15mm dia each 

10 cm 

ALTO 
target 

SPIRAL2 Target ~ 30 times ALTO 

SPES target 

7  UCx disks + 3 graphite  
1mm x 40 mm dia each 

20cm 



Total Release Fraction 
ISOLDE UCx 

Average sticking time for Sn = 10-6s 

tD = 1 s 

Average in-powder mean free path 15 um 

cono orizzontale
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release time 



Effusion -diffusion effect on 
isotopes release  

1-step : p 40 MeV 200mA on multi -slice direct target (30gr UCx)  

Release times  considered:  

1-step 2 s     proton induced fission  

2-step 40 s  neutron induced fission  

Sn isotopes

1,00E+09

1,00E+10

1,00E+11

115 117 119 121 123 125 127 129 131 133 135 137

1-step

2-step

Sn isotopes

1,00E+05

1,00E+06

1,00E+07

1,00E+08

1,00E+09

110 115 120 125 130 135 140

1-step

2-step

data

In-target production from M.C.  

Intensities evaluated considering  

emission,  ionization and acceleration  

efficiencies  

2-step:  d 40 MeV 2mA on thick 12C converter + UCx target (800 gr)  
1013 fissions/sec  

N-rich  N-rich  
ά5ŀǘŀέ9ȄǘǊŀǇƻƭŀǘŜŘ 
from HRIBF 



P = Ŵ·ŵ · S· T4 

Stefan -Boltzmann law 

Stefan -Boltzmann Constant  

Emissivity    Ŵ = 1 for  black body, 0 for  white  body 

Operando a 2000oC ƭΩƛǊǊŀƎƎƛŀƳŜƴǘƻ è il fenomeno principale 
di dissipazione della potenza perchè dipende dalla quarta 
potenza della temperatura.  

Termica e dissipazione di potenza 



 Proton behaviour in the Target  

 

  

 

Gianfranco Prete 2006  

Stopping Power & Fission Cross Section for p-> UCx
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For optimal configuration protons with high fission rate  

are inside the Target, the rest inside the Dump  

target Dump  



 40 MeV Multiple Target  

Fission Fragments & Energy Loss in UC4
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Fission (per 1000 proton)

Power distribution:  
Direct target Ą 7 disks 4 cm f  ~1 mm thick  

Energy loss UCx (30gr) 23 MeV  Ą 4.2 KW  

 
(600 W each disk, ~140 W/gr ) 

 
Window energy loss Ą 200 W  

 
beam-dump Ą 3.5 KW  

Fission efficiency Ą  

100p per 1.5 Fission Fragments  

~ 200 mA Ą 1013 fissions/sec   

Beam power = 40 MeV p x 200 mA = 8 KW 

 

Proton beam 

Ion source 



 40 MeV  Multiple Target :  
Temperature distribution in the disks (R=3cm)  

Gianfranco Prete 2006  

disk  thicknes
s 

[mm] 

power 
[W]  

Tmax 
[ÁC] 

DT-max 
 radial dir.  

[ÁC] 

DT-max 
logitudinal 

dir.  
[ÁC] 

window 0.4 189 2069  22 0 

target 1  1.4 583  2167 31 36 

target 2  1.4 595  2175 50 38 

target 3  1.4 606  2180 68 41 

target 4  1.3 570  2176 78 39 

target 5  1.3 580  2186 88 40 

target 6  1.3 589  2195 98 44 

target 7  1.2 560  2194 101 41 

dump 1  0.8 539  2136 68 3 

dump 2  0.7 583  2142 68 3 

dump 3  1.0 595  2145 70 4 

ENEA calculations benchmarked  with ANSYS  

UCx Melting point: 2350 oC 

Container fixed at 2000 oC 
(Pa) 

Temperature distribution 

Evaluated stress in 

the disks 



Temperature distribution [°C] for different 
configurations  

Spes 
configuration              

Normal 
configuration 

HRIBF             

1:5 prototype 
SiC pellets diameter=15mm 

container at 2000oC 

Melting point: 2300oC 
Hexoloy SG SiC 
SaintGobain  

Ansys calculation 
Power density 200W/gr 

Operation current 10 mA 
Power density  

 100 W/gr 

In-beam Test performed at HRIBF- ORNL (USA)   



Target technological Challanges 
Macro Micro 

Target Yield 

Design 

1

MN
MX

X

Y

Z

Target SPES                                                                     

.797E+07

.291E+08

.502E+08

.714E+08

.925E+08

.114E+09

.135E+09

.156E+09

.177E+09

.198E+09

FEB 11 2007

23:44:17

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV     (AVG)

DMX =.571E-03

SMN =.797E+07

SMX =.198E+09

Electro-Thermo- 
Mechanical Calculations 

Choice of Materials 

Depending on: 
V T, 

VGrain size (mm), 
VSpecific surface area (SSA, m2g-1), 
VInterconnectivity degree, 
VGas permeability (Pa*m-1) 

UCx working at T= 2000 ÁC, p=10-5 mbar 

VMelting point, 
VVapour pressure 
VCreep resistance 
VThermal conductivity 

VEmissivity 

1013  f/s 

Ytarget= ʊ · ̀  · N · ʁ  release · ʁ  ionization · ʁ  transport 

21

)2ln(

T
releaset

erelease

-

=e

trelease =    tdiffusion + teffusion + Ncollisons·t sticking   



SPES Pellets Production 
THE PELLETS PRODUCTION CONSISTS IN TWO PHASES:  
 
1) GREEN PELLETS PRODUCTION (Oxide and Graphite Pellet )      
 
2) THERMAL TREATMENT 

PRODUCTION OF OXIDE PELLET 
 
Mixing & Cold Pressing  

THERMAL TREATMENT 
 
Up to 2000ÁC (several days) 

5ƛǇΦ Řƛ /ƘƛƳƛŎŀ ¦ƴƛǾŜǊǎƛǘŀΩ Řƛ tŀŘƻǾŀΥ ǘŜǎƛ Řƛ ƭŀǳǊŜŀ ǎǳƭƭŀ ǇǊƻŘǳȊƛƻƴŜ Řƛ ǇŜƭƭŜǘǎ ƛƴ [ŀ/Ȅ όнллсύ 


