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SUMMARY

pe

- A different idea for cosmic ray muons

- A “study” case

- Conclusions

N

Our group is mostly involved in data analysis and Monte Carlo simulations

We are also working on a project for a compact and easy-to-use detector
based on scintillator fibers for muon tomography applications

N
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M A different idea: stability systems with cosmic ray muons

In particle and nuclear physics, muons are often used to “calibrate”
the experimental apparatuses, that is, to measure the relative
position of different detectors with respect one to each other.

Can we do the same for civil applications?

The question arose from a discussion between a physicist (A. Zenoni) and an

engineer (D. Cambiaghi) of the University of Brescia that collaborated to the

construction of the apparatus holder of the FINUDA experiment, then “aligned”

with cosmic rays

—[we started to investigate the possibility to use of the cosmic ray muons to monitor the

alignment of physical part of a vertical structure (tower, pillar, mechanical press, etc., etc.)
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B A different idea: stability systems with cosmic ray muons
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Figure 1. Pictures of the simulated configuration for the structure of the industrial press and the detectors, crossed by a cosmic ray. The
upper (DETu), middle (DETm) and lower (DETI) detectors constitute the detection system, called telescope. They are mechanically
connected to the parts of the structure whose relative positions have to be monitored.
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Figure 4. In these two figures the best-fit functions are superimposed on their respective Monte Carlo distributions for Ax and Az statistical
variables. Moreover the reduced x? values, the best-fit function mean values (m +. and m ) and the values of the (o7, w;) parameters are
reported.
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Figure 9. Resolution of the measurement system as a function of
the data-taking time calculated for the considered geometry and
supposing a calibration data taking of 1 week.
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M A different idea: stability systems with cosmic ray muons

| Statistical variables position of the middle detector with

upper muon detector r o {Ax = Xint — Xy respect to the other two (assuming
Z = Zipe — Zp “perfect” vertical alignment)
and their distributions
<P Distribuzione della variabile statistica Ax Distribuzione della variabile statistica Az
sup
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The “mean” of the distribution gives the relative position
of the middle detector with respect to the other two. Once

Pins “measured” this position at a given time defined ast =0
lower muon detectoﬂ\ [through a calibration campaign] it is the possible to

l monitor it as a function of time to detect relative
l displacements

The effects that “widen” the distributions [and make the measurements less accurate] are:
> physical effects [interaction of muons with matter]
> detector spatial uncertainty

Giornata di studio sulla Radiografia Muonica 5/41 Firenze [29-30 Ottobre 2018]




Monitoring systems with cosmic ray muons | [ G rmano Bonom

B A different idea: stability systems with cosmic ray muons

e stability monitoring of “vertical structures” (towers, pillars, skyscrapers,

historical buildings, etc.) is often fundamental

D.Pagano ! Stability monitoring of historical buildings with a cosmic ray tracking system  BGIEGEE



Monitoring systems with cosmic ray muons ‘_‘ Germano Bonomi
M A different idea: stability systems with cosmic ray muons

e stability monitoring of “vertical structures” (towers, pillars, skyscrapers,
historical buildings, etc.) is often fundamental

® In many cases mechanical or optical systems are the only available options

¢ invasiveness (meters of rods) limits the use for building with high
historical and cultural value

e |large distances or floors limit the use of optical systems

e after the "mechanical press” study, we investigated the possibility of using
cosmic muons for the stability monitoring of historical building

@ use of a free natural source of radiation \
& M are highly penetrating — walls and floors are easily traversed

<& no need of visibility or empty spaces
& limited invasiveness
& possibility to design a global monitoring system

\ ¥ low rate of cosmic muons = (relatively) long data taking )
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B Simulation of a specific case: Palazzo della Loggia in Brescia
MONSTELECO PROTECT (2p13-14)

MONitoraggio di STrutture Edili mediante Raggi Cosmici
A project financed by the Dipartimento di Ingegneria Meccanica e Industriale, Universita di Brescia

Brescia, Palazzo della Loggia, 1574

A. Donzellal, A. Zenoni', G. Baronio®, |. BodiniT,
G. Bonomit, D. Cambiaghi®, M. Lancini!, M.
Subietal!,D. Vetturi?, V. Villa!, C. Riccardi?,

P. Vitulo2, G. Zumerle3

1 Dipartimento di Ingegneria Meccanica e Industriale,
University of Brescia
2 Dipartimento di Fisica, University of Pavia

3 Dipartimento di Fisica e Astronomia, University of Padova

Giornata di studio sulla Radiografia Muonica 8/41 Firenze [29-30 Ottobre 2018]




Monitoring systems with cosmic ray muons | [ G <rmano Bonom

B Simulation of a specific case: Palazzo della Loggia in Brescia

Palazzo della Loggia: the roof has stability issues

Construction of the
actual roof, 1914

t";Br_eSCia, Palazzo della Logg

azione ed il recupero dei

Details of a joint

University of Brescia
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B Simulation of a specific case: Palazzo della Loggia in Brescia
Palazzo della Loggia: the monitoring campaign of the “Palazzo” (1999-2001)

7

Sensors consisted in a couple of
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variations
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B Simulation of a specific case: simulation tools

Geant 4

Download | User Forum | Gallery
Contact Us

[ Search Geant4 ]

Geant4 is a toolkit for the simulation of the passage of particles through matter. Its areas of application include high energy, nuclear
and accelerator physics, as well as studies in medical and space science. The two main reference papers for Geant4 are published in

Nuclear Instruments and Methods in Physics Research A 506 (2003) 250-303, and IEEE Transactions on Nuclear Science 53 No. 1
(2006) 270-278.

Publications Collaboration

Applications

User Support

Getting started, quides
and information for
users and developers

A sampling of applications,
technology transfer and
other uses of Geant4

Validation of Geant4,
results from experiments
and publications

Who we are: collaborating institutions,
members, organization and legal
information

News

20 March 2014 -

Patch-03 to release 9.6 is
available from the source
archive area.

19 March 2014 -

2014 planned
developments.

28 February 2014 -
Patch-01 to release 10.0
is available from the
download area.

Events

« Geant4 Course at the 11! Seminar for Nuclear, Sub-nuclear and Applied Physics, Porto Conte, Alghero (Italy), 25-30 May 2014.

« 10! Geant4 Space Users Workshop, at NASA/MSFC, Huntsville, Alabama (USA), 27-29 May 2014.
 International Workshop on Monte Carlo Technigues in Medical Physics, Quebec City (Canada), 17-20 June 2014.

« 19" Geant4 Collaboration Meeting, Okinawa (Japan), 29 September - 4 October 2014.

. Past events

Geant4 is monte-carlo simulation toolkit — http://geant4.web.cern.ch/geant4

e Simulates radiation interactions with matter
e GEometry ANd Tracking
e HEP background
e C++ based / Object orientated
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B Simulation of a specific case: basic idea

Simulation: it contains: a muon generator, the geometry and the materials of the detectors and
also the relevant structure of the building (such as the 15 cm wood roof)
\
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Why evaluating cosmic rays

Pros

v natural radiation, continuous

v no artificial source, no radiological risks
v'muons cross materials such as wooden floors
with small deviations (with optical system is
impossible)

v easy measurements with “standard” techniques

in physics

'| ¥ the need to accumulate enough statistics and

cons

v the presence of statistical deviations requires the

usage of distributions

thus wait the required time
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B Simulation of a specific case: Palazzo della Loggia in Brescia

Displacement resolution as a function of time

difference between the coordinate
measured in the target detector and that
obtained with the extrapolation based on
the detector telescope measurement
(31.7 million muons crossing the “target’)
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B Simulation of a specific case: Palazzo della Loggia in Brescia

Simulation of the seasonal displacement
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a more refined statistical analysis (a function to fit the data instead of
using the mean of the distribution) can improve the resolution, if required

Giornata di stud

io sulla Radiografia Muonica

14/41

Firenze [29-30 Ottobre 201 8]



Monitoring systems with cosmic ray muons ‘

‘Germano Bonomi

B Simulation of a specific case: possible improvements

Improving the monitoring system
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Proposed detector

e double layers of scintillating (3 x 3) mmz2 fibers

e fibers coupled to SiPMs

P “Cheap”
® [ow voltage operation

e good spatial and time resolution
necessary to correlate reconstructed events

in the two independent telescopes
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B Simulation of a specific case: possible improvements

ThgTreconstruct'on alghrithm:
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A possible detector design

Design and development of a
small-scale prototype

in collaboration with University of Pavia (P. Vitulo group)
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~ A possible detector design: a small-scale detector prototype

Design
e two hodoscopes (“telescopes”in the following)
composed by three detecting layers

¢ all the mechanical supports (ABS) created with a 3D printer

e cach layers composed by 8 scintillating fibers
(BCF-10 from Saint-Gobain)

e cach fiber coupled to a SIiPM (SIPM3S-P from AdvanSiD)

Effective Active Area 3x3 mm?
Cell Size 50 x 50 wm?
Cells number 3600 —
Spectral response range 350900 nm
Peak sensitivity wavelength 390 nm
Photon Detection Efficiency 33 %0
Breakdown Voltage 27+2 Vv
Dark Count 100 x 10° =300 x 10° | Cps/mm?
Gain 4 x 106 -
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A possible detector design: a small-scale detector prototype

Design

the final telescope




Monitoring systems with cosmic ray muons Germano Bonomi

A possible detector design:

Data and MC comparison for
the small-scale prototype

D. Pagano Stability monitoring of historical buildings with a cosmic ray tracking system ‘ VCI2016
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A possible detector design: experimental setup
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~ A possible detector design: experimental setup

Xs set to 3.76 mm

Mc| P

OO0O00O000

- detector misalignment
- detector noise
- detector cross-talk

Events / 0.5 mm
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A possible detector design: experimental setup

DATA

Events /1 mm

1
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0 L1 11
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X, [cm]

17 samples of 100 events each (~2 days)
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~ A possible detector design: experimental setup

MC
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D

RIN-2017 proposal to build a real-scale prototype

MIUR.AOODGRIC.REGISTRO_PRIN2017.0002291.28-03-2018

Dipartimento per la formazione superiore e per la Ricerca
Direzione Generale per il Coordinamento, la promozione e la valorizzazione della Ricerca

PRIN: PROGETTI DI RICERCA DI RILEVANTE INTERESSE NAZIONALE - Bando 2017
Prot. 2017XM82N2

PART A

1. Action line

Main line/Linea Principale

2. Research project title

Cosmic Rays as Stability Probes of Historical Buildings (CosPHi)
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~ PRIN-2017 proposal to build a real-scale prototype

Unit 1 - CACCIA Massimo Luigi Maria
Unit 2 - BONOMI Germano

Personnel of the research unit Personnel of the research unit
n° Surname Name Category University/ Research Inst n° Surname Name Category
1. BONOMI Germano Professore Associato (L. 240/10)
1. CACCIA Massimo Luigi Professore Ordinario Universita degli Studi INSUBRIA
Maria Varese-Como 2. COCCOLI Carlotta Professore Associato (L. 240/10)
2. SANTORO Romualdo Ricercatore a t.d. (art. 24 ¢.3-b L. Universita degli Studi INSUBRIA 3. DONZELLA Antonietta Dottorando
240/10) Varese-Como
4. BARONIO Gabriele Ricercatore confermato
3. LOMAZZI Samuela Dottorando Universita degli Studi INSUBRIA )
Varese-Como 5. UBERTI Stefano Ricercatore confermato

Unit 3 - MIRABELLA ROBERTI Giulio

Personnel of the research unit

n° Surname Name Category University/ Research Institution
1. MIRABELLA ROBERTI Giulio Professore Ordinario (L. 240/10) Universita degli Studi di BERGAMO
2. CARDACI Alessio Ricercatore confermato Universita degli Studi di BERGAMO

Unit 4 - OSIPENKO Mikhail

Personnel of the research unit

n° Surname Name Category University/ Research Institution e-1
1. OSIPENKO Mikhail Ricercatore Istituto Nazionale di Fisica Nucleare mikhail.o
2. MUSICO Paolo Primo tecnologo Istituto Nazionale di Fisica Nucleare paolo.n
3. RIPANI Marco Primo ricercatore Istituto Nazionale di Fisica Nucleare marco.
4. CHECCHIA Paolo Dirigente di ricerca Istituto Nazionale di Fisica Nucleare paolo.ct

Unit 5 - TOSI Mia

Personnel of the research unit

n° Surname Name Category University/ Research Institution

1. TOSI Mia Ricercatore a t.d. - t.pieno (art. 24 ¢.3-a L. 240/10) Universita degli Studi di PADOVA

University/ Research Instituti

Universita degli Studi di BRESCIA
Universita degli Studi di BRESCIA
Universita degli Studi di BRESCIA
Universita degli Studi di BRESCIA

Universita degli Studi di BRESCIA
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B Conclusions

e A technigue and a suitable detector for the stability monitoring of
(historical) buildings, using cosmic ray muons, have been studied

® [he technigue was applied to a realistic scenario, using the "Palazzo
della Loggia” in Brescia a case study

e MC results showed that resolutions smaller than 1 mm could be
achieved with one week of data taking

e As a proof of principle, we also developed a small-scale detector
prototype based on the same technology of the proposed detector

e \We are now designing a specific SIPM readout board and we would
like to build an easy-to-use detector for cosmic ray muons applications
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