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The SPES project (Selective Production of Exotic Species)

Nature and its laws

Easy Way?

How take a picture of a world record?
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The SPES project (Selective Production of Exotic Species)

Demand & Supply

Easy Way?

Get fruit salad

& separate each fruit
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The SPES project (Selective Production of Exotic Species)

The cyclotron and 

related infrastructure.

the ISOL facility and the 

acceleration of neutron-

rich unstable nuclei. 

The production of 
radionuclides for applications. 

The multidisciplinary 

neutron sources. 
&



The cyclotron and related infrastructure.

Several application at LNL

 Fundamental Research:

• SPES and its phases

• …

 Applied Research

• Medical application

• …



Cyclotron

SPES 

Target

Experiments Low

Energy

Proton beam
Radioactive beam

The ISOL facility and the acceleration of neutron-rich unstable nuclei. 



The ISOL facility and the acceleration of neutron-rich unstable nuclei. 



The ISOL facility and the acceleration of neutron-rich unstable nuclei. 

Re-Accelerated (40 MeV and 

more):

• Charge Breeding

• ALPI (upgraded)

• Several High Energy LNL Exp. 

Hall

 High Energy Physics 

Experiments

Regular (40 KeV):

• New Exp. Hall

 Low Energy 

Physics 

Experiments



The production of radionuclides for applications. 

Direct production of 

Medical-Radio-Isotope  

using the

ISOL technique

Direct production of 

Medical-Radio-Isotope  

using the

Cyclotron



The multidisciplinary neutron sources. 

• NEPIR: (NEutron and Proton IRradiation

facility) project

• QMN: Quasi Mono-energetic Neutron

source with a controllable energy peak

in the 20-70Mev energy range

• ANEM: Atmospheric Neutron Emulator to 

get a fast neutrons (E>1 MeV) with a 

continuous energy distribution similar to 

that of neutrons found at flight-altitudes

and sea-level for SEE testing

• SLOWNE: a high intensity slow neutron (E

< MeV) flux for applications
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Light (Laser)

• Energy

• Wavelength

• Propagation

• Wave…. Particle….



Light Properties: Color



Light emission….. Absorption firts

• Light absorption



Emission….. Spontaneous

• LED => Electrical power

• Fluorescence => Light!!! => absorption



Emission….. Stimulated(1905)

• Active medium



Active medium => Pumping

• Multi-levels system



Laser (1960)

• light amplification by stimulated emission of radiation

Pump



Selecting color…



Color?

• Who drive the laser color? => Active medium & Losses

Pump
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Flame test

• «Each element has its own favorite color»

• Emission/Absorbtion



Ionization Potential

1 𝑒𝑉 = 100 ൗ𝑘𝐽
𝑚𝑜𝑙





Cyclotron

SPES 

Target

Experiments Low

Energy

Proton beam
Radioactive beam

The ISOL facility and the acceleration of neutron-rich unstable nuclei. 



The ISOL facility and the acceleration of neutron-rich unstable nuclei. 



Topics

• SPES Project

• Exotic species and radioactivity

• SPES α,β,γ,δ

• SPES and Lasers

• Laser labs @ LNL



LNL-INFN SPES Offline Laser Laboratory

Lasers:

3 Dye lasers pumped by 2 Nd:YAG 10Hz rep rate lasers; Nd:YAG for 

ablation

Measurement systems:

Hollow Cathode Lamps and Time of Flight Mass Spectrometer



Designed to provide spectral emission of different 

elements.

• Commercial for Opto Galvanic application

• Inexpensive

• Available for almost the whole periodic table 

• Electrical noise is very small, comparable with 

the level of shot noise

• Easy setup

The OG effect arises from the interaction of 

resonant radiation with atoms present in a 

discharge.

Lawler, 1980, observed that the OG effect can 

be considered proportional to the number of 

photons absorbed [1]

[1]Beniamino Barbieri, Nicolò Beverini, Antonio Sasso: “Optogalvanic spectroscopy”, Reviews of Modern Physics, Vol. 62, No.3, July 1990

Hollow cathode lamps



SLOW Opto-Galvanic Signal:

The absorption of laser radiation in the discharge 

results in a change in the steady-state population of 

bound atomic or molecular levels. Since different 

levels will have different ionization cross-sections, a 

perturbation to the steady-state situation  results in a 

net change in the discharge current or equivalently a 

change in the discharge impedance. The electric 

signal detected is the slow signal, negative and 

lasting µs.

FAST Opto-Galvanic Signal:

It is a direct ionization process during laser pulse. 

The laser radiation brings the selectively excited 

atoms directly to ionization. Electrons are 

immediately available as carriers.

This effect produces a fast electric signal. It was 

found (Broglia et al 1983 [3]) that this fast signal 

follows the laser pulse temporal behavior (ns).

[3] M.Broglia, F.Catoni, P.Zampetti: “Temporal behaviour of the optogalvanic signal in a hollow cathode lamp”, Journal de Physique, Colloque C7, supplement au n˚ 11, Tome 44, novembre 1983

Optogalvanic Signals



Laser resonant ionization

Slow Opto-galvanic signal

by scanning 265 nm



Measure Sequence:

1) Ablation

2) Plume Expansion

3) Photoionization

4) Flight

5) Collection

Time of flight mass spectrometer



Typical Signal:

3) Photoionization

4) Flight

5) Collection

Time of flight mass spectrometer
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(120𝑆𝑛) = 256𝑚

∆𝑚
(112𝑆𝑛) = 268

Mass Resolution: 

Simion® simulation VS  ToF acquisition & ToF mass resolution

112𝑆𝑛 120𝑆𝑛

Isotope Mass Abundance

1 112Sn 111,90 0.97 (1)

2 114Sn 113,90 0.66 (1)

3 115Sn 114,90 0.34 (1)

4 116Sn 115,90 14.54 (9)

5 117Sn 116,90 7.68 (7)

6 118Sn 117,90 24.22 (9)

7 119Sn 118,90 8.59 (4)

8 120Sn 119,90 32.58 (9)

9 122Sn 121,90 4.63 (3)

10 124Sn 123,91 5.79 (5)

Isotopic 

abundance

measurement

Time of flight mass spectrometer



New Lab compound
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