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The SPES staging 

        SPES: the ‘hope’ of the laboratory 
         Goal: to expand into the future the nuclear physics at LNL  
SPES is:  1)  A second generation ISOL facility (for neutron-rich ion beams) 
                2)  An interdisciplinary research center (for p,n applications) 

Relatore
Note di presentazione
SPES Selective Production of Exotic Species
ISOL Isotope Separation On Line technique



 SPES (new) building  Exp. Hall 3 

 ALPI building  Cyclotron 

RIB target stations 

 HRMS 

 Charge Breeder 

 RFQ 

Building design & study of beam transport to ALPI are completed 

 Beam Cooler 

SPES project status: 





SPES Cyclotron   

load work per year 
- 2 weeks per shift 

- Beam preparation 2 days 
- Beam on target 12 days 

- Beam on target  280 hours per shift 
- Expected Beam on target:  more than 

10000 hours per year (RIB+appl.) 

2013 2014 

II III I II III 

Final Assembly and Testing 

Factory Commissioning 

Disassembly and Shipping 

Installation at LNL 

Commissioning at LNL 



15 days activity 

Automatic TIS removal 

Target Ion Source TIS 

TIS storage 



Target & Ion Source complex (TIS) 

40 MeV protons 
200 µA 

7 238UCx coaxial disks 
3 grafite dump disks 

TIS Heater 

1013 fissions/s 

Ionizer & transfer tube 

200 mm 
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Target & Ion Source complex (TIS)  

Surface Ion source SIS 
Plasma Ion Source PIS 
LASER ION SOURCE LIS 



ILine= 200A -> 600A max 

ITarget= 700A -> 1200A max 

Target & Ion Source complex (TIS)  



Beam diagnostic 
devices 

Beam transport devices 

Target & Ion source  
(platform 30kV) 

The SPES off-line Front end 
(working since 2010 - evolution of ISOLDE FE6) 



Ionization & transport measurements 



The TIS simulations 

SPES  in - target yields (10 13  fissions  per  second) 

a) Thermo Mechanical 

c) Isotopes Effusion 

b) Neutronics & 
Isotopes Yield 



Fission Fragments & Energy Loss in UCx
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The TIS simulations (MCNPX) 
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A recent Rad-hard study in the SPES bunker 



Pro/E CAD model of the SPES 
Front-End in MCNPX   

Front-End room 

3.0 m 4.0 m 

Top cross section view 



Side cross section view 

3.5 m 

Front-End room 



Target and Chamber 



Plastic joints 



Insulators and chamber guides 



TIS critical components modeled 

Component materials 
Chamber structure Aluminum AL6082T6 
Chamber joints TEFLON, EPDM 
Viewport glass and joints Silicon oxide based glass, VITON, EPDM 
Insulators Ceramic Alumina Al2O3 
Proton beam joints EPOXY, VITON, EPDM 
Chamber handling guides TEFLON, TPE-SBR 
Charged base insulators PEEK 
Pneumatic motors (lack of information) virtual O-ring in EPDM 
Electrical motors (lack of information) joints in EPDM, insulators 

EPON-862, Lubrificant BiEster C6O1H12 
AC power wire jackets Thermoplastic TPE-SBR 
RIB wires Thermoplastic TPE-SBR 
Wire collector Thermoplastic TPE-SBR 
Optical fiber core PMMA, Glass Epoxy 1 A2 and 1 B2 
Optical fiber cladding FEP (Fluorinate Ethylene Propylene) 



Results of the Rad-hard TIS simulation - I 

Radiation damage rate 
From MCNPX Rad.resistance dose limit 

From existing literature 

Max operating days 
before failure 

TEFLON and VITON 
cannot be used 

15 days operation 
are foreseen 



Results of the Rad-hard TIS simulation - II 

PEEK, EPDM, KAPTON, TPE-SBR 
are used instead of weaker materials 

Mechanical requirements 
are still accomplished? 

To what extent are data 
from literature reliable? 



CERN report (1982) 



CERN report (1982) 



REASONS TO PROPOSE A PROGRAM FOR RAD-HARD TESTS FOR SPES  

• Radiation hardness of materials and components is a critical item for ISOL sources 

(SPES, REX-ISOLDE, SPIRAL2, EURISOL….) 

• Data in the literature are somewhat abundant but often not recent 

• New materials, products and suppliers should be tested  

• Specific materials and products utilized in the assembly should be tested in spite of 

generic materials 

• Existing data mainly refer to gamma ray damage 

• Reliable tests should reproduce as close as possible real operating conditions 

• Specific mechanical, electrical, optical requirements of materials and products should 

be tested against radiation damage 

• Complex components ad electrical motors or electronic circuits should be tested. 

• Interest for a systematic campaign of Rad-hard tests for ISOL sources and other 

applications has been expressed by ISOLDE (Cern), iThemba (South Africa), CNR 

(RFX – ITER). 



Richard Catherall:   
(ISOLDE tecnical coordinator)  
Yacine Kadi:   
(HIE- ISOLDE project coordinator)  
Thierry Stora :  
(CERN Medicins project coordinator )  
Lowry Conradie:   
(Ithemba Head Accelerator division)  
Abdelhakim SAÏD   
(Alto Coordinator)  
Samuel DAMOY   
(Spiral2 technical coordinator)  
Mats Lindroos  
(ESS Head of Accelerator Division) 
 Vanni Antoni:   
(RFX Project Director: CNR - Padova) 
Giuseppe Gorini:  
(Gruppo Milano Bicocca)  

INTERNATIONAL EXTENSION OF THE PROJECT 

Relatore
Note di presentazione
ESS European Spallation Source Lund Sweden



PROPOSED PROGRAM OF COLLABORATION 

INSTITUTIONS 
• INFN SPES @ LNL 
• Sezione INFN PV – SPES_PV 
• L.E.N.A. @ UniPv 
• Fundamental and applied physics group @ UniBs 
• Materials Science and Technology Laboratory @ UniBs 

RESEARCH  PROGRAM 
• Compilation of materials and products to be rad-hard tested with definitions of 

the actual mechanical, electrical, optical, operational requirements to be granted 
• Simulation of the radiation fields and cumulated dose expected on the critical TIS 

components in foreseen operational conditions 
• Irradiation campaigns at L.E.N.A. on sample materials and products. Radiation 

fields as close as possible to the expected ones (neutrons vs gammas). Systematics 
on adsorbed dose levels. 

• Test of physical and operational properties of materials for different levels of 
irradiated dose 

• Analysis of the relation between physical properties changes and structural 
modifications due to radiation damage in materials (polymers) 

• One or two year research program 



PERSONALE E FINANZIAMENTO DELLE ATTIVITA’ PER IL 2014-2015  

W.P. RDS_SPES (Radiation Damage Study for  SPES) NELLA SIGLA SPES_PV 

PERSONALE PARTECIPANTE E FTE 
Gruppo di Brescia Sezione di Pavia 
Aldo Zenoni PO              60% 
Antonietta Donzella  TD      50% 
Fabio Bignotti PA                  30% Laboratorio Scienza e Tecnologia dei Materiali UniBS 
L.E.N.A UniPV 
Daniele Alloni               30% 
Michele Prata                         30% 
Andrea Salvini                        20% 
Giovanni Magrotti                 20%       totale 2,4 FTE 
SPES LNL 
Una borsa di studio biennale INFN per neolaureati 

FINANZIAMENTI RISERVATI SU PROGETTO SPECIALE  SPES LNL 
Borsa di studio    36  k€ 
Missioni interne e estero   15  k€ 
Materiale consumo  laboratorio    5  k€  (su fondi PV) 
Materiale inventariabile     2  k€ 
Acquisto servizi     da stabilire con LNL SPES 



SPARE 



Target & Heater 
7 UCx coaxial disks: 
thickness: 1.3 mm 

diameter: 40 mm 

Graphite box: 
external diameter: 49 mm 

average length: 200 mm 

3 graphite dump disks 

Tantalum tube: 
external diameter: 50 mm 

thickness: 0.35 mm 

length: 200 mm 

Ionizer & transfer tube: 
thickness: 1 mm 

height: 34 mm 

Inner diameter: 3 mm 

SPES Heater, 
Ionizer & 
Chamber 

SPES Target : 
Optimized for 8 kW 
power dissipation 

(E= 40 MeV, I= 200 μA) 

Aluminum target unit 



name composition 

EPDM Etylene-Propylene Diene Monomer rubber 

PEEK Polyether ether ketone organic thermoplastic polymer 

PMMA polymethilacrilate Plexiglass, lucite 

SBR Styrene-butadiene rubber 

TPE Thermoplastic elastomer rubber 

VITON Fluoropolymer elastomer rubber 

TEFLON Politetrafluoretene 

KAPTON poly-oxydiphenylene-pyromellitimide 



Materials employed for 
the simulations 
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