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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: status 

and perspectives 



• 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 production &  material
applications: Atmospheric neutron spectra, 
QMN 
Single Event Effect, neutron
capture cross sections



SPES CHALLENGES

• Development of a comprehensive model of 
atomic nuclei – Do we understand the 
structure and stability of the nuclear systems?

• Understanding the origin of the elements and 
modeling of the extreme astrophysics
enviroments

• Test of fundamental symmetries

• New applications of isotope science
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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 deformation
Tensor forces?

One of the challanges: New magic numbers?





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- coincidences
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Evolution of the single-particle states around 132Sn

Courtesy of A. Gargano
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 One-particle spectroscopic factors which give direct
information on single-particle excitations

LOI SPES D. Mengoni (Uni. Pd) 



ONE OF THE CHALLENGES: ORIGIN OF THE 
ELEMENTAL ABUNDANCES IN THE SOLAR SYSTEM

14

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

 b-decay half-lives
 neutron emission probabilities

different in DEFORMED and  

SPHERICAL nuclei

tb SPH ~ 10 x tbDEF

PnSPH ~   0.5 x PnDEF

 Large uncertainty in r-process location

 difficulty to extrapolate to more exotic regions

Importance of Nuclear Structure studies

in the vicinity/towards r-process path: 

… first excited states
… Isomeric states

… bdecay lifetimes
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r-process nuclei: 
b-decay and isomer spectroscopy

Star Mergers

Neutrino Driven Winds

MHD Supernova Jets



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



P,T-violating n-n interaction

energy splitting of parity doublet

Schiff moment:

Measure: Q3 in even-A Rn, Ra 

DE 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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ONE OF THE CHALLENGES: RADIONUCLEI FOR MEDICINE



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

24 LoI’s for reaccelerated exotic beams

PRISMA
GALILEO

*Fazia
**CHIMERA

TRACE
GARFIELD

*NEDA

*AGATA

RIPEN

*PARIS

Presented 37 Letters of Intents 

SPES LOIs Topics GS properties

moments

Coulex

DirReac with 
ActiveTarget
DirReac with Si

Mn transfer

SPES LOIs 
Spokespersons

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

VANDLE



LOIs at ISOL Facilities
SPES SPIRAL2 

Phase 2
HIE-ISOLDE

Decay Studies 4 20 Not Applicable

Elastic 2 4 3

COULEX 7 2 13

Transfer 8 (3HI) 7 16

Deep Inelastic/
MNTR

5 1 0    

Fusion/Fission 11 3 2

New 
instrumentation

4 NA 5

Astrophysics 3 6 4



FABIANA GRAMEGNA - XXXIII MAZURIAN LAKES CONFERENCE ON PHYSICS - SEPT 1-7, 2013

The LNL area 

INFN-Laboratori Nazionali di Legnaro

SPES

AREA:
more than 200.000 m2

1/3 present situation 

occupied

2/3 available for 

upgradings

SC_LINAC ALPI &
TANDEM XTU 16MV  

Van de 

Graaff

Accel.

7MV & 

2MV
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SPES Facility @ LNL
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Existing 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 
operation at 2000oC

5

4

Control system 

6

3

3
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Cyclotron building in progress



http://www.lnl.infn.it/~gestimp/speslive.jpg
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Cyclotron test at BEST Company site  
(Ottawa)

Main Parameters

Accelerator 
Type

Cyclotron AVF 4 sectors

Particle Protons (H- accelerated)

Energy Variable within 30-70 MeV

Max Current 
Accelerated

750 µA (52 kW max beam 
power)

Available 
Beams

2 beams at the same energy 
(upgrade to different energies)

Max Magnetic 
Field

1.6 Tesla

RF frequency 56 MHz, 4th harmonic mode

Ion Source Multicusp H- I=15 mA, Axial 
Injection

Dimensions Ф=4.5 m, h=1.5 m

Weight 150 tons

Cyclotron assembled and operated at 1MeV

A.Lombardi



Final Fatory Acceptance Test 
in Ottawa next week

Critical point: maximum current of 800 microA accelerated up to 1 MeV

If test is succesfull, the cyclotron will be dismounted and the transfer to 
Italy will start.

Cyclotron at LNL: February 28, 2015

Succesful vacuum test: below 10-7 Torr  
after 2hours  pumping 

Both cavities with 
62 kV voltage and 
14 kW FWD RF 
power each.
Amplitude Stability 
within ± 2.5*10-5
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F. Gramegna - 46th Zakopane Conference on Nuclear Physics 31/8- 7/9 2014
35

Technical highlights: the production target 

SPES DIRECT TARGET CONCEPT to operate with 8 kW
proton beam 

Target under
operation at
2000oC

• Direct Target carefully designed  to reach 1013

fissions/s with 8 kW proton beam (thermo-
mechanical considerations);

• In beam test performed at iThemba lab (South 
Africa) on May 2014;

• Prototype under operation.
• Fully developed front-end following ISOLDE 

design;

UCx target completely developed

(A. Andrighetto et al.) 



Target Power test  @ iThemba Lab

SPES target in-beam power
test (SiC target)

Heater power compensated by 
proton beam.
• Up to 4 kW proton beam in 

target.
• Stable temperatures
• Stable vacuum (3 10-5

mbar)

Proton beam
66MeV 60 mA

Tdisk

Tbox

Proton current

Tdisk 1450oC 

Tbox 1200oC 

Heater power

Thanks to Rob, Lowry and all the 
iThemba_Labs Cyclotron staff

iThemba_Labs, May 17th, 2014 



Designed following updated version of ISOLDE front-end

30-40 kV 
platform

(working since 2010)

Electrostatic

Quadrupoles

Electrostatic

Steerer

Target 

& Ion Source

Beam 

Diagnostic 1

Insulator

(30 kV)

Wien Filter

37

The Front End 
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The SPES 1+ Ion Sources

Pulse. 15 ns λ=308 

nm
LPX200 XeCl 

excimer laser 

LNL and Pavia University

Collaboration with 

ISOLDE & Jyvaskyla

LASER Ion Source (LIS)

Surface Ion Source (SIS)

Plasma Ion Source (PIS)

W tube

UCx disk

Graphite 

box

Target Heating 

System (Ta tube)

Target Heating 

System (Ta wing)

protons
RIB

ION SOURCE DEVICE

RADIOACTIVE  

ATOMS

RADIOACTIVE  

IONS

++ +
- - -

W tube

Transfer Line
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High Resolution Mass Separator & Beam Cooler

1.3 mm

DM=2.5 10-5

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

• Scaled-up version of the separator designed by Cary Davids
for CARIBU, Argonne

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

High Resolution Mass Separator

L.Calabretta, M.Comunian, 
A.Russo, L.Bellan

COOLBEAM experiment financed by INFN-CSN5, 20122015
Collaboration: LNL-LNS, Mi bicocca

Beam Cooler to match the HRMS input 
requirements

M.Maggiore

Collaboration SPES – CENBG Bordeaux (SPIRAL2)



High Resolution Mass Spectrometer
INFN-LNS

CNRS-CENBG
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1+ Stable Source

Tape System

Mass Separator

CB

The development of an Upgraded PHOENIX booster is Part of a MoU in the frame 
of the European Associated Laboratories (LEA-Colliga) with GANIL. 
(In exchange: development of SPIRAL2 n-converter by INFN)
Project and construction by LPSC_Grenoble

• 2010  Preliminary measurements
• 2011  Conceptual design and schedule definition
• 2012  Design
• 2013   Agreement definition
• 2014   Construction
• 2015   Commissioning

Collaboration with LPSC (Grenoble) for the SPES Charge Breeder

Exotic Beam reacceleration

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


Superconducting RFQs

Operational since 2006
45



Exotic Beam reacceleration: room temperature RFQ

1+ Stable Source

Magnetic Line with 
Magnets and Solenoids

Tape System 2

RFQ

CB

MRM Spectrometer

Mechanical layout of the RFQ 

• Energy 5.7  727.3 [β=0.0395] KeV/A  (A/q=7)

• Frequency 80 MHz

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

• Length 695 cm (7 modules) intervane voltage  
63.8 – 85.8 kV  

• RF power (four vanes) 100 kW.

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

E. Fagotti, A. Pisent

Physics design High power RF Coupler 200kW 
100% duty cycle
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OUTPUT OF Fiducialization OF ALL 
MAGNETS IN ALPI

E. Fagotti et al.48



SC Resonator Improvements on ALPI

LOW-BETA 
UPGRADE



The Upgraded Alpi post-accelerator

For stable beams 
For exotic beams 
Low Beta=5 MV/m, Medium Beta=4.3 
MV/m, High Beta=5.5 MV/m
Conservative value:  2 cavities off in the 
calculation.

M. Comunian

Reshape and improvement of 
low beta cavities.
Added high beta cryostats to 
improve the final energy.

Low beta 
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SPES Safety 
System



Actual status

Already done:
• Building: international bid completed, just works starting
• Cyclotron: on construction by BEST (Canada)
• ISOL target: prototype developed and under operation in lab
• Safety & control: authorization to the cyclotron operation 

just obtained, a Quality and Safety System under 
implementation 

To be done:
• Radioactive beam selection and transport    partially FUNDED

• Charge breeder for increasing the charge state   FUNDED

• RFQ for pre-acceleration   FUNDED

• Upgrade of the ALPI superconductive Linac partially FUNDED

• General control system and safety  partially FUNDED

Complete funding expected in three years. Total cost: 51 Meuro
57



2012 2013 2014 2015 2016 2017 2018 2019

Authorization to operate and safety UCx 

5microA

ISOL Target-Ion Sources  development

ISOL Targets  construction and 

installation

ISOL on-line commissioning

Building Construction Executive 

project 
raw building 

construction

Cyclotron Construction & 

commissioning

Cyclotron

at LNL

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

Stepwise commissioning and first  

exotic beam (2018), HRMS in 2019

SPES general planning



Structure studies via direct reactions (5 LOIs)

b delayed n- and -spectroscopy (ORNL USA)

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

Mass Measurement via multy bounce TOF (D)

1.00E+00

1.00E+02

1.00E+04

1.00E+06

1.00E+08

1.00E+10

70 120

Sn exp
Kr exp
Xe exp
In exp
Sn_hribf
Kr_hribf

b 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



Not riaccelerated radioactive nuclear beams



AGATA @ SPES
2019-2020

LNL
GANIL



The FAZIA project 

New Developments



New Developments



THANK YOU
Thanks for attention


