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Applied Physics in Bicocca

• Medical Physics for diagnostics and therapy

• Environmental Physics

• Cultural Heritage

Applied Physics

June 2, 2021

We develop/optimize/implement measurement techniques to be used in research 

applied to:

This is possible thanks to the close collaboration with
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Radioactivity Laboratories

In Low Level Counting semiconductor 
detector are a good tool for gamma/alfa 

spectroscopy measurements

To achieve higher sensitivity, measurement techniques and detector has been developed

GMX – γ-γ coincidence detector

GMX2200 GMX2019

Muon veto 
Sample

Copper 15cmLead 20cm

Shield

GMX2200 GMX2019

Coaxial detector (n-type)
εrel ~100%
Range 17-3200keV

High sensitivity measurements find application in various fields such as environmental physics and cultural heritage.
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Radioactivity Laboratories
GeSparK – β-γ coincidence detector

𝑍
𝐴𝐴
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𝐴𝐴

Eγ

β-
γ

HPGe

PMT

Light

γ

β-

Background measurement

β – γ coincidence: 0.06Hz

No coincidence: 0.5Hz

β – γ coinc+veto: 0.02Hz

Pulse shape analysis
Development of analysis methods for reduction of the correlated background through pulse shape discrimination

Single Site Event Multi Site Event 

Lead shield

Dewar

HPGe-detector

LS-container

PMTCopper shield
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Non-destructive techniques (for cultural heritage)

Muonic Atom X-Ray Spectroscopy (MAXRS)

exposure of the sample to a collimated beam of muons (at the Rutherford Appleton Laboratory – ISIS/RAL) and 
the detection of the characteristic X-rays emitted thereafter to the formation of muonic atoms in the target

Neutron Resonance Transmission Imaging (NRTI)

innovative non-destructive technique based on the presence of resonance structures in the neutron-induced 
reaction cross sections, which allow the identification of isotopes and elements (ISIS spallation neutron source).

CHNet-NICHE (Neutron imaging for Cultural Heritage - INFN)
first facility for radiography and neutron tomography in Italy (LENA, Pavia)
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Development of instrumentation
For present neutron spallation sources ….

Direct involvement in several instruments
• VESUVIO
• INES
• CHIPIR
• TOSCA
• ROTAX

GEM detector enabling new 
cross section measurements at
VESUVIO

Silicon Carbide (SiC) high energy neutron
detector for ChipIR

S. Cancelli et al 
accepted on JINST

M.H. Kushoro et al, Materials

2021, 14, 21

ISIS



7
Development of new techniques

June 2, 2021

Development of instrumentation
… and for future neutron spallation sources

First neutrons expected on 2023 
Direct involvement in several instruments VESPA, FREIA, NMX, ….

Design of Neutronic components for VESPA

ESS

Development of new high efficiency GEM 
based neutron detectors

Realization of GEM-based beam monitors for several instruments (FREIA..)   
→ Towards a sealed technology using Nitrogen gas mixtures

Beam monitor readout and simulation of expected beam profile

Gd-GEM for NMX
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Research fields and applications

Cultural Heritage: Archeometry
• Neutron imaging and elemental characterization (PGNAA) of 

archeological finds

Environmental sciences: Glaciology and heavy metal pollution 
assessment

• Elemental characterization of particulate matter in ice cores and of 
environmental matrices (soil, water,…)

Plasma Physics for Nuclear Fusion, Neutron detectors R&D, neutron cross 
sections research, teaching, industry, materials purity assessment, ….

Development of new techniques

SOURIRE Laboratory - Large Research Infrastructures

Installation of a 14 MeV Deuterium Tritium neutron source (1010 n/s) in U19

What has been done:
• Authorization for neutron source installation
• Executive project

What to do:
• Call for tenders for the assignment of works 

(end 2021)
• Work start (30/06/2022)
• Testing  (end of 2023)

U19



9

June 2, 2021

Nuclear Reactors and neutron spallation
sources

● Neutronic analysis through experimental measurements and 

MC simulations with an integrated approach 

● Characterization of neutron fluxes for various applications:

o Radiation damage studies for aerospace electronics

o Trace element searches via neutron activation 

(environmental physics, low background experiments, …)

● Collaboration with national and international research centers:

o Laboratorio Energia Nucleare Applicata (University of Pavia)

o Enea-Casaccia (Roma)

o ISIS Neutron and Muon Source (UK)

● Neutron Activation Analysis

o Irradiation of different samples and HPGe spectroscopy to 

measure the activation rate of several reactions

o Bayesian unfolding to determine neutron flux intensity and 

energy spectrum

Published papers:

10.1016/j.nima.2018.06.016 

10.1140/epjp/s13360-020-00334-7

Development of new techniques



10
Development of new techniques

June 2, 2021

In situ measurements (for environmental physics)
In some cases, it is not possible to sample the soil and it is very useful to carry out measurements 

in situ to map it

Gamma spectroscopy measurements with scintillators on drone

Portable HPGe Top Soil Mapping
e.m. sensor for soil resistivity mapping

The development of this instrumentation is done in collaboration with several companies
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New scintillators
Radiation Hard Scintillating Materials

GAGG ingot, courtesy of K. Lebbou, 
Institute Lumière Matière, Lyon

• Studies of radiation-hard scintillating materials for applications at future colliders

• Characterisation and performance evaluation in terms of light output, scintillation
kinematics, and time resolution

L. Martinazzoli, et al. NIM A 2021, https://doi.org/10.1016/j.nima.2021.165231
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New scintillators
Scintillating Fibers-based Calorimetry

• Prototyping of Spaghetti Calorimeters (SPACAL) with
radiation-hard scintillating fibers

• Experimental testing at test beam facilities

• Study and development of novel techniques for time
measurement with picosecond resolution.
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Physics Applied to the Environment
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Physics Applied to the Environment

• Radioactive fallout: dispersion of contaminants in the 

environment

• The study and characterization of the particulate matter 

in the ice cores allows to reconstruct atmospheric flows

Environmental measurements on various physical agents

Antarctic ice cores

Cryoconites Liquid scintillator
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Physics Applied to the Environment

Gamma spectroscopy for precision agriculture

Measurements in the laboratory, in situ, with drones and Monte 

Carlo simulations

In situ measurements and sampling (Parco Nord Milano)

Gamma Spectroscopy 
with Portable HpGe

Gamma spectroscopy with scintillators 
(on the ground and with drones)

Soil profile sampling



16
Applied Physics

June 2, 2021

Physics Applied to the Environment
Gamma spectroscopy measurements with HpGe in laboratory

Energy

C
o

u
n

ts

137Cs
40K

208Tl(232Th) Map of 232Th - Lodi Agricultural Field

Correlations with soil characteristics

Monte Carlo simulations for 
detection efficiency evaluation



17
Applied Physics

June 2, 2021

Physics Applied to Cultural Heritage
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Physics Applied to Cultural Heritage

• Analysis of samples of historical/archaeological interest

• Study of the elemental composition of historical finds with 
neutrons/muons and other comparative techniques

Organ Pipe Samples

Sword
Archaeological site of Sant’Imbenia - Alghero (SS)

vitreous gems

IPERION CH 
(H2020) 
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Physics Applied to Cultural Heritage
Muonic Atom X-Ray Spectroscopy (MAXRS)

Neutron Resonance Transmission Imaging (NRTI)

Nuragic ship (Etruscan find, VIII-VII sec a.C.)

Sodium distribution in 
mosaic samples

IPERION CH 
(H2020) 



20
Applied Physics

June 2, 2021

Peoples and Collaborations
Physics Applied to Cultural Heritage

Laureandi magistrali: R. Rossini
Dottorandi: G. Marcucci, M. Cataldo
Borsisti: R. Cattaneo 

Collaborations

• Large scale facilities in Italy (LENA-UNIPV, LNGS-INFN) ad 

abroad (ISIS/RAL-UK, PSI-CH, BNC-H, ESS-S)

• INFN network con Cultural Heritage CHNet

• Museums: Museo archeologico nazionale di Firenze (M. 

Iozzo); Museo archeologico nazionale di Aquileia (E. 

Gagetti, M. Novello); Scavo archeologico di Sant'Imbenia

(M. Carpinelli, M. Rendeli, V. Sipala, P. Oliva, MIBACT); 

Gulf Institut of Gemology, Muscat, Oman (M. Musa)

Physics Applied to the Environment

Staff
M. Clemenza, D. Di Martino, G. Gorini

Staff
G. Baccolo, D. Chiesa, M. Clemenza, M. Nastasi, E. 
Previtali, M. Sisti

Assegnisti: E. Di Stefano 

Collaborations

• INFN

• Environmental Science Department

• Politecnico di Milano 
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Peoples and Collaborations
Radioactivity Laboratories

Dottorandi: A. Barresi
Assegnisti: G. Baccolo

Collaborations

• INFN

Neutron sources and SOURIRE Laboratory (U19)

Staff
D. Chiesa, M. Nastasi, E. Previtali, M. Sisti

Staff
M. Clemenza, G. Croci, S. Giunti, G. Gorini, L. Vergani

Collaborations

• INFN

• DISAT

• Politecnico di Milano

• CNR

Thesis
• Sviluppo strumentazione per misure di densità tramite spettrometria 

gamma
• Caratterizzazione della risposta di un rivelatore a semiconduttore di fotoni 

di bassa energia
• Studio delle coincidenze ritardate in un sistema per spettroscopia alfa
• Caratterizzazione di un sistema di misura ad alta sensibilità per 

determinazione di elementi in tracce
• Spettroscopia ad alta sensibilità tramite l’utilizzo di rivelatori al germanio 

misurati in coincidenza

• Ottimizzazione di uno spettrometro per misure di catene radioattive naturali
• Analisi di correlazioni tempo ampiezza per misure ad elevata sensibilità di 

catene radioattive naturali
• Ricostruzione degli spettri di rivelatori al germanio mediante analisi bayesiana
• Sviluppo di un apparato per misure di coincidenza beta/gamma
• Sviluppo di un rivelatore a basso fondo per misure in coincidenza beta/gamma
• Ottimizzazione di un rivelatore gamma ad alta sensibilità di misura
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Peoples and Collaborations
Pignoletto

Collaborations

• INFN

• Environmental Science Department 

• Else Nuclear

• Nuclear Instruments

Staff
G. Ceruti, M. Clemenza, O. Cremonesi, E. Di Stefano, G. Gorini, 
M. Paganoni, D. Pedrini, Tarabini

Nuclear Reactors and neutron fluxes
Collaborations

• INFN

• University of Pavia

Staff
D. Chiesa, M. Nastasi, E. Previtali, M. Sisti

Thesis
• Mappatura del flusso neutronico del reattore TRIGA Mark II del L.E.N.A. in 

condizioni di piena potenza
• Analisi spettrale di isotopi attivati da un fascio di neutroni
• Caratterizzazione di una facility di irraggiamento mediante misure di 

attivazione neutronica

• Analisi spettrale del flusso neutronico prodotto da una sorgente di 
spallazione

• Modellizzazione al simulatore delle condizioni di criticità del reattore 
TRIGA Mark II a diversi livelli di potenza

• Caratterizzazione di flussi di neutroni mediante misure di attivazione 
neutronica

New Scintillators
Collaborations

• CERN

• Crystal Clear Collaboration

Staff
L. Martinazzoli, M. Paganoni, M. Pizzichemi


