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SPES project strategy

• Develop a Neutron Rich ISOL facility delivering Radioactive Ion Beams at 10A MeV  

using the LNL linear accelerator ALPI  as re-accelerator .

• Make use of a Direct ISOL Target  based on UCx and able to reach 1013 Fission/s 

(fission is the main reaction mechanism to produce n-rich isotopes).

• Develop an applied physics facility based on the technology  and the components of 

the ISOL facility. Applications in medicine and neutron production.
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(NEPIR, preliminary design)



Time line of SPES project
Main goal : 1013 fission/s in-target production, and re-acceleration at 10*A  MeV  (A=132)

2002 TDR for 2 Step Target ISOL facility (100kW berillium n-converter + UCx 
production target). Proton driver: high current LINAC (3mA, 100MeV). 
Evaluated cost: ~ 100 Meuro.

2003 Assigned dedicated funding by INFN (16.3 Meuro).

2005 Design of a High performance Direct Target for 1013 fission/s at 10 kW beam. 

2007-08 TDR for Direct Target ISOL facility. Present dual-exit cyclotron-based facility  
Capability to operate two targets at the same time.
Evaluated cost: ~ 50Meuro.

2011 Start of cyclotron design/construction., 
2011 additional3MeuroINFN funding
2012 INFN management approve the reallization plan for SPES
2012 5.6 Meuro from MIUR Premium Project for SPES beta
2013 Start building construction.
2013 7 Meuro from MIUR  Premium Project for Medical Radio Isotope facility

(A.Duatti)



SPES αααα & ββββ
Selective Production (and reacceleration) of Exotic Species

Fission process is the prefered way to 

produce neutron-rich beams
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Preliminary experimental work at ORNL- HRIBF, 2010-2012

7 UCx pellets,13 mm diameter

Experiments with SPES target configuration

Proton beam: 40 MeV, 50 nA

Expected beam on target scaled to 200 µA, 

2-5 % transport efficiency
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Lines: from HRIBF data base extrapolation 

Solid markers: extrapolation from SPES-target experiment at ORNL



Energy from SPES Post-Accelerator as 

function of A/q

(M. Comunian)

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



Physics Domain with RIBPhysics Domain with RIB

SPES



ISOL Roadmap in EUROPE

Second generation 

2014-2025

1013-14 fission/s  

10 MeV/n (A=130)

Effective Mass resolution 

1/20000

2_STEP target
Direct target

Secondary 
particles Secondary 

particles

FROM 2025

> 1015 fission/s 

100 MeV/n (A=130)

Mass resolution 1/20000

Converted n

Primary 
beam

particles

Primary 
beam

particles



Second generation ISOL facilities in Europe 

(UCx target)

Primary beam Power
on 
target

UCx 
target

Fission
s-1

Reaccele
rator

MeV/AMeV/A
A=132, A=132, 
21+21+

HIE 
ISOLDE 
upgrade

p 1-1.4 GeV - 2 µA 0.8 kW Direct 
(150g)

1012

1013

SC Linac 5-10

SPIRAL2 d 40 MeV 5mA 200 kW Converter
(4000g)

1013

1014

Cyclotron 6

SPES p 40 MeV 200 µA 8 kW Direct 1013 SC Linac 10SPES p 40 MeV 200 µA 8 kW Direct 
(30g)

1013 SC Linac 10

• Coordinated efforts toward EURISOL  

• Complementarities of scientific programs

• Collaboration for technical developments



SPES  collaborations network

RISP-KOREA

iThemba-S.AfricaFRIB-MSU



SPES Facility Layout



Existing facility

ALPI

3° Exp.Hall

SPES Facility Layout

Tandem 

• Accelerator system at underground level to 

match existing ALPI beam line

• 2 ISOL bunkers for redundance and optimal 

operation 

M.Comunian

Beam transfer and reacceleration
P.Favaron

Building and infrastructure



SPES layout 

Radioisotopes for 

medical applications

Radioisotopes for 

medical applications

Proton and neutron

irradiation areas

Proton and neutron

irradiation areas

Laboratori Nazionali di Legnaro NEW infrastructure

ISOL FACILITY

Possible 

expansion

Possible 

expansion

CYCLOTRON

Radioactive Ion Beams are reaccelerated 
by the superconductive linac ALPI

- 35-70 MeV variable energy

- 750 µA total p-current

- two independent exits



SPES Layout
Cyclotron

3° ExpHallALPI
LARAMEDNEPIR

RFQ  ----- MRMS – CB --- 1+ RIB line ----- HRMS -- CB ------ISOL--------Cyclotron  

CORECORE--SPESSPES



Cyclotron Schedule (2013-2014)

2013 2014 2015

II III I II III

Final Assembly and Testing

Factory Commissioning

Disassembly and Shipping

Installation at LNL

Commissioning at LNL

The Contract with BEST 

Theratronics provides for:

• Cyclotron

• Two exit channels

• High power beam transport 

line (up to SPES target)

(A.Lombardi)



SPES DIRECT TARGET CONCEPT to 

operate with 8 kW proton beam 

• Direct Target carefully designed  to reach 

1013 fissions/s with 8 kW proton beam. 

(Thermo-mechanical considerations)

UCx target completely developed

Technical highlights 

(A.Andrighetto) 

Target under 

operation at 

2000oC

(Thermo-mechanical considerations)

• In beam test scheduled at iThemba labs.

• Prototype under operation.

• Fully developed front-end following 

ISOLDE design.



Ion sources and Laser laboratory

Development of ion sources able to ionize 

the full set of produced isotopes.

Pointing to SELECTIVE ionization.

• Surface ionization and plasma ion 

Technical highlights 

• Surface ionization and plasma ion 

source was developed and are under 

laboratory test and characterization.

• A new laser laboratory was settled at 

LNL to develop the resonant laser 

ionization ion source. Work in 

collaboration with Pavia University, 

participation to ENSAR2 JRA.  
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(A. Andrighetto)



High Resolution Mass Separator 
& Beam Cooler 

1.3 mm

DM=2.5 10-5
• Scaled-up version of the separator designed by Cary 

Davids for CARIBU, Argonne

• Mass resolution: 1/40000 (eng. design: 1/25000)

COOLBEAM experiment financed 

Beam Cooler to match the HRMS input 

requirements

Electrostatic Plates to correct the 
voltage ripple of the H.V. platform

20 cm

Plates gap 6 cm,

± 750 V to correct 

± 5 V platform ripple

10 cm

Typical voltage 
fluctuation frequency 
200-300 Hz, <<10kHz

COOLBEAM experiment financed 

by INFN-CSN5, 2012����2015

Collaboration: LNL-LNS, Mi bicocca
High Resolution Mass Separator

L.Calabretta, M.Comunian

M.Maggiore



Collaboration with LPSC for SPES 

Charge Breeder

• Development of an upgraded PHOENIX booster for SPES is part of a MoU

in the frame of the European Associated Laboratories (LEA-Colliga) with 

GANIL. (In exchange: development of the n-converter for SPIRAL2 by INFN)

• INFN allocated 500 k€

• Final contacts to complete the formal agreement with LPSC are on the way

• LPSC has worldwide competence in ECR and CB and will take care of the CB • LPSC has worldwide competence in ECR and CB and will take care of the CB 

construction.

Schedule defined for the Charge Breeder development

• 2010  Preliminary measurements

• 2011  Conceptual design and schedule definition

• 2012  Design

• 2013   Agreement definition

• 2014   Construction

• 2015   Commissioning



Charge Breeder is a well known key point for ISOL facilities.

The European project EMILIE is settled to address this problem.

Improve breeding for ISOL

A.Galatà, G.Patti



NEW RFQ injector for ALPI

• Beam transmission >95%, low RMS longitudinal emittance at output: 0.15 ns*keV/u.

• Energy 5.7 –> 727.3 [β=0.0395] KeV/A  (A/q=7) matching the ALPI entrance requirements

(A.Pisent)

A high transmission RFQ to match the ALPI entrance requirements

• Mechanical design and realization, taking advantage of IFMIF experience (LNL, INFN_Pd, Bo, To).

Mechanical layout of the RFQ tank module of about 1 meter.



Upgraded ALPI layout

Additional cryostats: 

Increase total Energy

Cryostats  relocated from PIAVE: 

reduce losses from 40% to 20%

• Increase energy

• Optimize transport efficiency

• All Cavities from CR03 

to CR07 at 4.5 MV/m.

• Medium beta CR07 to 

CR18 at 4.5 MV/m.

• High beta 6.5 MV/m 

for CR19-CR22.

• Final Energy :

~ 10 MeV/A (A/q=7)



Radiation protection Safety 

and Controls

RADIOPROTECTION: Evaluation of radioactivity and radiation risk

Authorization request for SPES operation:

phase 1 request for cyclotron operation at 0.5 mA on standard 

targets and 5 microA on UCx

Phase 2 request for full power operation on UCx target (0.2 mA)

SAFETY: Development of a Quality and Safety Management System for SPES 

and definition of a safety system.

completed

and definition of a safety system.

CONTROLS: EPICS defined as a common supervisor for SPES. Migration of 

all controls on the same supervisor improve the quality and the safety of 

the system

(D.Zafiropoulos  J.Esposito)

(M.Bellato) 



QSMS: Quality  and Safety Management System

ISO 12100:2010/14121:2007 for all Quality aspects 

OHSAS 18001:2007 for Safety issues

QSMS defined

On the way the risk 

analisys (collaboration 

SPES safety system on the way

�FMEA   - Failure Mode and Effects Analyses

�FMECA - Failure Mode Effects and Criticality Analyses

�HAZOP - HAZard and Operability study

RISK analisys 

SAFETY system

analisys (collaboration 

with nuclear eng. 

Palermo)

Performed Safety 

systems  (software and 

hardware) for ISOL lab.

Contacts with italian 

companies for full 

design (SOGIN, 

NUCLECO, ENEL, ..)    Criticality for the project: hot item for 2014



SPES organization

Steering
Committee

INFN
MAC

TAC

SAC

Scientific Advisory Committee

Gilles de France (GANIL), 
B.Fornal (Kracow), 
P.Van Duppen (Leuven-
Rex-Isolde), 
T. Motobayashi (RIKEN), 
K.Gelbke, (FRIB)
T.Aumann (Darmstadt), 
A.Vittuti, A.Olmi
ex-officio: 
G. deAngelis, G.Cuttone, 
G.Fiorentini, G.Prete

INFN nuclear physics 
community

Y. Blumenfeld (IPN-Orsay), 

L.Miralles (CERN), 

R. Ferdinand (GANIL), 

D. Rifuggiato (LNS), 

R. Catherall (ISOLDE),

M. Pelliccioni (INFN), 

G.Bisoffi (LNL)

Technical Advisory 
Committee

SPES Project 
Leader

Management
Board

Project GroupScientific working 
group

Scientific 
coordinator

Steering Committee:

Giovanni LaRana, (Sez. Napoli)

Mauro Bruno    (Sez. Bologna)

Sara  Pirrone       (Sez. Catania)

Adriana Nannini (Sez. Firenze)

Franco Camera (Sez. Milano)

Dino Bazzacco (Sez. Padova)

Lorenzo Corradi (LNL)

Titti Agodi (LNS)

Luigi Cosentino (LNS) 



SPES organization and Work Packages



Already invested 20.5 Meuro upto 2012 

Building 6.5

Cyclotron 10.5

ISOL R&D and prototype 1.0

Charge breeder (funding fixed) 0.5

Low Beta ALPI upgrade 1.0

Reference document approved by INFN for 

SPES (3 Dec, 2012)

INFN approved the construction planning of the SPES project in Dec. 2012

N. Voce Meuro

1 Bersaglio ISOL con Sorgente laser 3.2

2 Edilizia per Laboratorio UCx 2.6

3 Trasporto del fascio di ioni radioattivi 7.7

4 Selezione in massa ad alta risoluzione (HRMS e Beam Cooler) (solo per FULL_SPES) (2.7)

5 Charge Breeder 1.5

6 RFQ per la  preaccelerazione 3.7

7 Upgrade dell’acceleratore  ALPI 5.6

8 Sistemi di controllo e sicurezza 3.6

TOTALE 27.9    (30.6)

Low Beta ALPI upgrade 1.0

Consumable 1.0

To complete the construction about 30 Meuro are necessary 



2013 2014 2015 2016 2017

CONSTRUCTION

(28 M€ to 
complete 

1.9
7

0.9*
8.5
2.3*

4.7 2.6

SPES funding plan (k€) 
without High Resolution Mass Selection system (CORE SPES)

SPES funding plan for CORE SPES 

complete 
CORE_SPES)

1.9
0.9* 2.3*

4.7 2.6

PERSONNEL

(IN TRAINING)
0.5 0.6 0.4 0.3 0.3

Total 2.4 8.5 11.2 5 2.9

* LNL contribution to RFQ construction
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CORE SPES funding plan
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2013 2014 2015 2016 2017 2018

WP-B5 - ISOL system

WP-B4 - Cyclotron

WP-B3 - Buildings and Plants

WP-B2 - Safety and 

Radioprotection

WP-B1 - Scientific Support and 

Nuclear Diagnostics

Year



Total 
2014 (k€)

Residues
2013
(k€)

First tranche 
2014 
(k€)

Second tranche
2014
(k€)

PERSONNEL

(IN TRAINING)
653 49 328 276

Funding plan 2014

Assignement requested to INFN for year 2014

( )
TRAVEL EXPENSES 80 23 37 20
SERVICES 100 0 50 50
CONSUMABLES 70 0 48 22
APPARATUSES 6405 1 2321 4083
DURABLES 133 5 66 62
BUILDINGS 200 16 150 34

Total 7641   = 94       + 3000      + 4547



Task Item (k€) notes
Scientific support Radioactive beam identification 83 Tape system instrumented with gamma-beta detectors 

and ACQ

Radiation protection Radiation monitors 500 Design of  radiation monitor system for cyclotron 
operation

Buildings General services and plants 200 Distribution of services in cyclotron and ISOL areas

ISOL beams ISOL laboratory and  Laser source 100 Measurements and optimization of ion sources and ISOL 
front-end

Beam Transport CB-RFQ beam line 1700 Design and order of MRMS components  and n+ CB 
beam line

Beam Cooler BC test stand 100 Set-up of BC vacuum chamber and test stand

Cyclotron Installation 200 Cyclotron connection to electric power and services

RFQ First tranche of  materials and This item comes as in-kind synergy with others LNL 

Detailed Economic plan 2014

RFQ 
(in-kind contribution LNL)

First tranche of  materials and 
machining  for  RFQ development (900)

This item comes as in-kind synergy with others LNL 
projects.

ALPI Cryogenic system 345 New valve box
purification system

Diagnostic Diagnostic Box 670 Order of  20 low current diagnostic boxes

Charge Breeder Power supplies, 1+ beam transport 
elements 

650 Construction of CB.
Installation and test of 1+ ion source.

Vacuum Vacuum systems for 1+ radioactive 
beam line 

1550 Order of 20 vacuum systems

Controls ALPI access control system
RF and CB controls

640 Installation and commissioning of new Access Control 
system for ALPI. Design and order of controls for RF and 
Charge Breeder.

Training personnel 653
Consumables 70
Travels 80
Other services 100 External services for installations

TOTAL 7641 (+900)



SPES personnel plan



SPES personnel plan
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Involved personnel in 2013: 68 persons,  44 FTE

42 staff,  13 training, 13 temporary contracts



2012 2013 2014 2015 2016 2017

Authorization to operate and safety
UCx 5µA

ISOL Target-Ion Sources  development

ISOL Targets  construction and installation

Building Construction Executive 

Full UCx authorization

SPES Schedule January 2014

Building Construction Executive 

project raw building 

construction

Cyclotron Construction & commissioning

RFQ development and Alpi up-grade

Design of RIB transport  & selection 

(HRMS, Charge Breeder, Beam Cooler)

Construction and Installation of RIBs 

transfer lines , CB and spectrometers

Complete commissioning and first exotic 

beam



Items in construction 

• Building and infrastructures

• Cyclotron

• ISOL system and sources

• Charge Breeder (starting 2014)

• Linac ALPI up-grade

• Beam transport

Items under final Design 

• RFQ

• MRMS (n+ separator)

• LARAMED

• Safety system

Items in Preliminary 

Design 

• HRMS

• Beam cooler

• NEPIR neutron 

facility

SPES in summary

• Beam transport

• Control system

• Authorization to cyclotron 

operation (completed)

• Safety system

• Authorization 

extension to UCx full 

power and 

applications

facility
criticality

Items on critical path in 2014

Thank you 
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Design Study

Physics programs

Experimental techniques

ISOL technology

Physics programs

Experimental techniques

ISOL technology

European actions and MoU

ISOL technology

Target-ion sources

RIB selection & handling

Superconducting LINAC 

Vacuum 

Safety 

ISOL technology

Target-ion sources

RIB selection & handling

Superconducting LINAC 

Vacuum 

Safety 



Beam Diagnostics



Position of diagnostic boxes

Positions of the 

diagnostic box and of 

the main vacuum 

pumps along the beam pumps along the beam 

transfer line 



1013 fission/s 

1111----stepstepstepstep: p 40 MeV 200µµµµA on multi-slice direct target (30gr UCx) SPES actual version

Release timesRelease timesRelease timesRelease times considered:considered:considered:considered:

1111----step step step step 2 s2 s2 s2 s

2222----step step step step 40 s40 s40 s40 s

In-target production from MCNPX: 1013 fissions/s

Intensities evaluated considering 

emission,  ionization and acceleration

Efficiencies.

2222----step:step:step:step: d 40 MeV 2mA on thick 12C converter + UCx target (800 gr) SPES former version
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