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Talk Overview

- The SPES Project goals 

- The RIB +1 line.

- Possible first RIB’s @ SPES

- Conclusions



a bit of history….



The SPES at LNL:  Facility Layout

Project financied by INFN

New infrastructure for:
• Application Facility
• Cyclotron
• RIB facility (2th generation ISOL)

New Building:



Physics with RIB’s 
Definition of  RIB  (Radioactive Ion Beam) -> Ions with ‘exotic’ protons-to-neutron ratio.

The RIB is a important probe in order to investigate the nuclide chart, for nuclei far from 

the stability valley -> different behavior!

Nuclear Astrophysics with RIB
- Heavy elements origin (r,p,s process)

- Stellar explosion

- Neutron stars

- X-ray burst and supernovae

Nuclear Medicine with RIB
Radiopharmaceutical prodution for:

- Therapy

- - Diagnostic



SPES is:  1)  A second generation ISOL facility (for neutron-rich ion beams)
2)  An interdisciplinary research center (for p,n applications)

RIB Facility

Application Facility

SPES: Is the future of LNL

Cyclotron installation & commissioning:
• E=70 MeV proton beam, I= 750 mA

LARAMED & ISOLPHARM projects
Radioisotopes for medical applications

Production & re-acceleration of exotic
beams, from p-induced Fission on UCx

Accelerator based neutron source 
(Proton and Neutron Facility for Applied Physics)

SPES for medicine

SPES-RIB facility

Financed

Financed &
Under construction 

Proposal

SPES-DRIVER

In commissioning

LINUS Neutron facility

Lenos

Nephir



Medical applications @ SPES :
important investment and great opportunity for the INFN 

Radioisotope Laboratory Radioisotope Factory

Double 
extraction 
cyclotron

ISOL 2 -> Isolpharm facility? 



ISOLPHARM Method overview

→ extremely high specific activity
→ higher efficacy in therapy and diagnosis



ISOLPHARM 1 & 2

ISOLPHARM 1

• First set of isotopes studied in the 
framework of ISOLPHARM collaboration: 

radiopharmaceuticals available in the market 

ISOLPHARM 2

• Innovative radio-isotopes produced with 
different types of target

radiopharmaceuticals absent in the market 



Innovative Target concepts: overview

⚛

⚗ Target R&D and state of art: 

☢ Innovative isotopes production: 111Ag

⚛

⚗ Target R&D and state of art:

☢ Innovative isotopes production: As & Ga isotopes

☢ 64/67Cu unexpected production!

⚛

⚗ Target R&D and state of art:

☢ Innovative isotopes production: Sc isotopes

Targets have to be:

(more refractory than the element for which they were designed)

Nuclear reactions studied Designed Tested

Nuclear reactions studied Designed Tested

Nuclear reactions studied Designed Tested



ISOLPHARM: possible beams

89Sr

90Y

125I

111Ag
131I

64Cu

67Cu

43Sc
44Sc

47Sc

ZrGe target (?) TiC target

UCx target



ISOL Isotopes of medical interest

Diagnostic isotopes Therapeutic isotopes

Theragnostic isotopes

Almost 60 isotopes (up to now!) are producible with the ISOL technique 

ZrGe target

TiC target

UCx target



ISOLPHARM as future facility…



Status of the 

ISOL facility



SPES-RIB construction phases

Exp. areas

Beam 

cooler

MRMS

ALPI

RFQ

1+ Exp. areas

CB

HRMS

Target

CyclotronPIAVE

XTU-Tandem

LRMS

Phase 3

Phase
1.

Phase 2.

Phase 2.
Phase 3.

• Phase 1. - Building + First operation with the cyclotron

• Phase 2.   - From C.B. to RFQ + SPES target, LRMS, 1+ Beam Lines

• Phase 3.   - From the LRMS to the CB + from RFQ to ALPI 

2) RIB production area

3) Beam Manipulation area4) Post acceleration area

1) Driver

Phase
4.

• Phase 4.   - HRMS + Beam Cooler



- The driver
- The RIB manipulation
- The post accelerator
- The RIB production & L.E. line 



Cyclotron installation 

Dual port Cyclotron
Proton beam 35-70 MeV
Total current 750mA



- The driver
- The RIB manipulation
- The post accelerator
- The RIB production & L.E. line 



The beam transport line

Cyclotron
Front End

HRMSRFQ 
Cooler

Charge
Breeder

n+ Beamline to 
post-accelerator

1+ Beamline
1st section

1+ Beamline
2st section



The 1+ beam line: the construction phases



n+ Beam line

STATUS:
Infrastructures ready for installation
Beam transport components ordered
Technical services under implementation
Charge Breeder and 1+source available



- The driver
- The RIB manipulation
- The post accelerator
- The RIB production & L.E. line 



Goal: To achieve E=10 MeV/A for A/q up to 7

a) Cavity upgrades

1. Lower-bopt- resonators added

2. Field increase in medium-bopt-cavities

3. Two additional higher-bopt-CMs (8 
resonators)

b) Cryogenic power increase

c) New magnetic triplet of quadrupoles

23

Optimization of ALPI post-accelerator



Cavity Upgrades

RIB

Stab
le B

eam

Additional 
8 cavities

Re-positioned  
low b cavities

10-11 MeV/amu 
for A=130-140



- The driver
- The RIB manipulation
- The post accelerator
- The RIB production & L.E. line 



TIS unithorizontal 
handling 
device

vertical 
handling 
device

front-end

temporary storage

The SPES ISOL - RIB source



RIB Bunker set-up



The SPES TIS UNIT

Ions
Fission fragments
Primary beam

Primary beam

Production target

Transfer Line

Extraction Electrode (GND)

Ion Source (+HV)

Driver vs. Target Target vs. Ion Source



I.S. study: The experimental set-up

Ion Source with calibrated

marker (2200 °C)

Diagnostic system

BP + FC

Mass separation

(Wien Filter

Off-line  TIS Front-end : operative at LNL since 2011 



front-end (protonic beam line)



Characterization of the SPES Surface Ion Source

beam ion. eff. 
(%)

hot-cavity 
temp. (°C)

hot-cavity 
material

Na 47,6 2200 Ta

K 55,4 2200 Ta

Ga 1,4 2200 Ta

Rb 54,5 2200 Ta

Sr 18,5 2200 Ta

In 3,2 2200 Ta

Cs 43,2 2200 Ta

Ba 58,8 2200 Ta

La 20,1 2200 Ta

Rb beam

Cs beam

Sr beam

Ba beam



Characterization of the SPES Plasma Ion Source

Plasma Ion Source

Ar beam

Xe beam

Kr beam
beam ion. eff. 

(%)
injection

mode
cathode 

temp. (°C)

Ar 6 gas tube 2200

Br WIP oven 2200

Kr 8,5 gas tube 2200

Y very low oven 2300

Sn 10 oven 2200

I 19 oven 2200

Xe 11 gas tube 2200

Sn beam



Off-line Laser Laboratory

1 Nd:YAG Ablation
laser

1 TOF

2 Nd:YAG Pump lasers:

3 Tunable DYE Lasers

1 Monochromator

8 HCL

Ready for test since 2014…

Eq
u

ip
m

en
t'

s 
re

ad
y

SPES laser group



Spectroscopy: New SS laser: Laser FE:

• Study of different 
elements of interest

• Offline-lab with 10Hz 
dye laser system

• HCL & ToF-MS

• Defining RIB 
production laser 
requirements

• 10 kHz  TiSa laser
• New laser lab 

requirements

• ToF system
• Hot cavity
• Efficiency 

measurements

STATUS of resonant laser ionization



The target chamber handling
Two systems are foreseen in order to increase the handling security level

Target Front EndHorizontal device

Vertical deviceTIS unit

Environmental conditions and consequences:

-Very high radioactive emission due to the Exotic Beam

-Replacement of TIS unit every 28 days

-Impossibility to operate by humans

-Remote handling system



The Horizontal machine 

• Simulation software Siemens in Tia Portal

• Movement test in automatic mode

• Experimental tests with 3 transponder



The new Chamber Unit Storage

The layout:

Storage cartesian system prototype 



Bunker subsystems

Electric power

Signal cables

Buffer gas

Cooling water

Compress air

vacuum



Preliminary Technical report 

ready

HV subsystem



front-end (radioactive beam line piping)

1- CABLING_PIPING_BUNKER_A6_rev02.xlsx



First Goal -> First Beam to 1+ Experimental area

tape system

1+ beam line from TIS to Tape System

To Post-Acc

First Goal



1+ beam line operation: Devices



Possible SPES RIBs
(for first physics experimental campaign)



BEAMS vs. Ion Source
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Benefit with 5000 HMR :                  3            (3   LOI)       ->  50 beams (98 LOI)                                     56%   (58%) 

Benefit with 10000 HMR :               17           (31 LOI)       -> 67 beams (129 LOI)                                   75%  (77%) 

Benefit with 15000 HMR :              15           (25 LOI)        -> 82 beams (154 LOI)                                    92%  (92%) 

Benefit with 20000 HMR :                7            (10 LOI) 

19                   Elements

a) First goal: RIB for users



Best LOI Beams
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LIS Beams
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SIS Beams
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PIS Beams
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Beam Selectivity at SPES

Good Beam without HRMS Benefit with HRMS=5000 Benefit with HRMS=10000 Benefit with HRMS=15000 Benefit with HRMS=20000

15000 HRMS
(92%)

No HRMS
(53%)

Selectivity: Summary

10000 HRMS
(75%)



First Experiment in the LE area

Devices Number

ETQ (triplets) 6

ED (el. Dipole) 3

Steerer 6

MD (mag. Dipole) 1

Diagnostic Box 4 + 5



Option 1: UCx Target + Surface Ion Source (-> Easy Configuration)

beam yield (pps) @ 20 µA selectivity (%) ion source type main contaminants (if sel. < 60%) notes LOI reference

96 Rb 9.89E+07 31 SIS Sr easy beam 37

147 Cs 4.91E+04 1.7 SIS Ba easy beam 10

100 Rb 4.49E+04 1.2 SIS Sr easy beam 10

LOI n.10) K.P. Rykaczewski (ORNL Oak Ridge, USA)
Nuclear structure of neutron-rich nuclei determined through beta decay spectroscopy of fission fragments

LOI n.37) A.Nannini (INFN_Fi, Italy)
Electron conversion measurements at SPES 1+ beam line: measurement of E0 transitions in 96Sr

With this configuration other RIBs cab be produced, characterized by higher selectivity values

beam yield (pps) @ 20 µA selectivity (%) ion source type

138Cs 1.10E+10 76 SIS

137Cs 1.00E+10 100 SIS

91Rb 9.60E+09 100 SIS

92Rb 5.10E+09 100 SIS

136Cs 5.00E+09 89 SIS

93Rb 3.40E+09 91 SIS

beam yield (pps) @ 20 µA selectivity (%) ion source type

135Cs 1.60E+09 100 SIS

94Rb 1.40E+09 75 SIS

141Cs 1.30E+09 60 SIS

134Cs 4.00E+08 87 SIS

95Rb 2.60E+08 65 SIS

Possible Low Energy RIBs (1)



LOIs & UCx target: RIBs Low Energy (2)

Option 2: UCx Target + Surface Ion Source + Laser (-> Laser Lab in operation)
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beam yield (pps) @ 20 µA selectivity (%) ion source type main contaminants (if sel. < 60%) notes LOI reference

123 Sn 1.28E+09 12 LIS In low selectivity beam 38

121 Sn 2.02E+08 6.6 LIS In low selectivity beam 38

83 Ge 2.47E+07 100 LIS - selective beam 27

82 As 1.07E+07 71 LIS - selective beam 27

110 Ag 9.60E+06 100 LIS - selective beam 38

80 Ga 3.05E+06 100 LIS - selective beam 27

134 Sn 2.49E+06 3 LIS In, Cs, Ba low selectivity beam 10

84 As 1.86E+06 69 LIS - selective beam 27

82 Ga 3.29E+05 100 LIS - selective beam 10; 27

108 Ag 2.58E+05 38 LIS Rb, Sr, In low selectivity beam 38

84 Ge 6.61E+04 100 LIS - selective beam 10; 27

83 Ga 6.06E+04 100 LIS - selective beam 10; 27

beam yield (pps) @ 20 µA selectivity (%) ion source type

132 Sn 1.50E+08 100 LIS

132 Te 4.00E+09 100 LIS

132 Sb 1.90E+07 100 LIS

With this configuration other RIBs cab be produced, characterized by higher selectivity values



Global list of the first SPES RIBs available for low-energy experiments

nucl. sy. yield (pps) @ 20 µA selectivity (%) ion source type main contaminants (if sel. < 60%) notes LOI reference
123 Sn 1.28E+09 12 LIS In low selectivity beam 38
121 Sn 2.02E+08 6.6 LIS In low selectivity beam 38
83 Ge 2.47E+07 100 LIS - selective beam 27
82 As 1.07E+07 71 LIS - selective beam 27
110 Ag 9.60E+06 100 LIS - selective beam 38
80 Ga 3.05E+06 100 LIS - selective beam 27
134 Sn 2.49E+06 3 LIS In, Cs, Ba low selectivity beam 10
84 As 1.86E+06 69 LIS - selective beam 27
82 Ga 3.29E+05 100 LIS - selective beam 10; 27
108 Ag 2.58E+05 38 LIS Rb, Sr, In low selectivity beam 38
84 Ge 6.61E+04 100 LIS - selective beam 10; 27
83 Ga 6.06E+04 100 LIS - selective beam 10; 27
96 Rb 9.89E+07 31 SIS Sr easy beam 37
147 Cs 4.91E+04 1.7 SIS Ba easy beam 10
100 Rb 4.49E+04 1.2 SIS Sr easy beam 10
86 Br 7.73E+07 42 PIS As, Se, Kr low selectivity beam 44
139 I 5.94E+06 1.5 PIS Xe, Cs, Ba low selectivity beam 10
140 I 9.17E+05 0.1 PIS Xe, Cs, Ba low selectivity beam 10
141 I 1.40E+05 0.1 PIS Xe, Cs, Ba low selectivity beam 10

83,84Ge; 80,83Ga;  110Ag -> LOI selective beams ! 

LOIs & UCx target: RIBs Low Energy (overview)

10
27 38



Conclusions



Goals: beam delivery  & RIB Source Commissioning

User requirements                 vs       .       Project Construction Phases 

First SPES RIB (26Al)

40 MeV, 20 µA 

SiC
target

the full-scale SPES 
target for high 
intensity RIBs

Nominal parameters

- Target material: UCx (SiC as 
an alternative)
- Proton beam energy: 40 
MeV
- Proton beam intensity: 200 
µA
- Proton beam sigma: 7 mm 
Wobbling radius : 11 mm

40 MeV, 200 µA, 1013 f/s

UCx 
target

within the end of 
2019

40 MeV, 20 µA, 1012 f/s

first n-rich fission isotopes

UCx 
target



LOI beams

L. Morelli 7Be, 10Be

J.J. Valiente 10C, 17F, 20Na, 22Mg, 24Al, 26Si

M. La Cognata 26Al

M. Assié 7Be, 26Si, 15O

The ‘demonstrative’ (first) beam:

1st

SiC target beams 
requested by LOIs

26Al

> High yields

> High selectivity
(even without HRMS)

 Low energy
 Different IS

1st SPES RIB

preparatory beam 
for the post-acc. 

phase
(requested by LOIs)

A scaled SiC target
(40 MeV protons up to 20 µA)

will be used for the 
first SPES RIBs
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1st SPES RIB (26Al) at the end of 2019

High energy LOI beams with dedicated targets (no UCx) 



UNIPV UNIPD UNITN

DIM DSC DEI

ION SOURCES MATERIALS

DIMDEI

HANDLING

CONTROLS

The collaboration network for SPES

CERN- ISOLDE

GANIL-SPIRAL 2

ORSAY-ALTO

ITHEMBA ORNL- HRIBFRISP-KOREA

INFN- Pavia

INFN- Milano

INFN- LNS

INFN- Bologna

INFN- Padova

UNISI

DSF

LASER

DTG

UNIBS

DIM

FRONTEND

DSF

SPES
Exotic Beam



Conclusion 

Thanks for your attention!

Few results without them …


