Nuclear Instruments and Methods in Physics Research A 1060 (2024) 169031

Contents lists available at ScienceDirect wbciEAR
INSTRUMENTS
&METHODS

IN
PHYSICS
RESEARCH

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

L))

Check for

Muon tomography with Resistive Plate Chambers for geological wpdaies
characterization

Raul Sarmento **, Alberto Blanco Castro ¢, Bento Caldeira ¢, Bernardo Tomé",

Custédio Loureirof, Filomena Cleméncio ¢, Isabel Alexandre®, Jodo Costa ', Jodo Matos ",
Jodo Saraiva ¢, Jorge Silva ¢, José Borges ¢, Lorenzo Cazon ¢, Luis Afonso ", Luis Lopes®,
Magda Duarte ?, Marco Pinto ", Mério Pimenta ”, Mourad Bezzeghoud ¢, Paolo Dobrilla ¢,

Pedro Assis”, Pedro Teixeira ¢, Rui Oliveira ¢, Sofia Andringa ", Vanessa Pais

2 LIP - Laboratério de Instrumentac@o e Fisica Experimental de Particulas, Braga, Portugal
Y LIP - Laboratério de Instrumentagdo e Fisica Experimental de Particulas, Lisbon, Portugal

¢LIP - Laboratério de Instrumentagdo e Fisica Experimental de Particulas, Coimbra, Portugal

d Universidade de Santiago de Compostela, Santiago de Compostela, Spain

¢ Escola Superior de Satide do Politécnico do Porto, Vila Nova de Gaia, Portugal
{ Universidade de Coimbra, Coimbra, Portugal

8 Instituto de Ciéncias da Terra, Universidade de Evora, Evora, Portugal

h Laboratério Nacional de Energia e Geologia, Aljustrel, Portugal

i Centro Ciéncia Viva do Lousal, Lousal, Portugal

ARTICLE INFO ABSTRACT

Keywords:

Resistive Plate Chambers
Muon tomography
Geophysics applications

Muon tomography is one of several fields of applied physics that have witnessed the successful use of particle
detection based on Resistive Plate Chambers (RPC). In this work, we report on an innovative project concerning
transmission muography for geological characterization. For this purpose, a muon telescope built of four RPC
planes was mounted on an adjustable structure and the telescope’s response to atmospheric muons was studied.

Data acquisition campaigns took place at different locations for producing muographic images of the building
of the Physics Department of the University of Coimbra, in Portugal. More recently, the detector was moved
to an underground gallery of an old mine, where it is taking data that is being assessed in combination with
the results from conventional geophysics techniques.

1. Introduction
1.1. Muon tomography

Muon tomography is a technique that explores the flux of muons
that reach the Earth’s surface to produce images of objects typically
of large dimensions [1-3]. High-energy muons are produced in the
atmosphere during the development of particle cascades initiated by
interactions of cosmic rays. The fact that the muon flux at sea level is
abundant, that muons travel through matter in almost linear trajecto-
ries and with small rate of energy loss, being able to reach hundreds of
meters underground, makes atmospheric muons an excellent probe for
imaging.

The two techniques used in muon tomography are transmission
muography and scattering muography. In transmission muography, a
detector is placed below an object that partially attenuates the muon
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flux and characteristics of the object such as slant mass, size, shape
are inferred from the directional dependence of the attenuation. In
scattering muography, detectors are placed before and after an object
with high atomic number, enabling a reconstruction of the properties
of the object from the measurement of the muon scattering angles.

The field of muon tomography has witnessed a rapid develop-
ment, with applications to several fields, such as archeology, vul-
canology, civil engineering and industrial safety, each with specific
requirements on the detection technique used, including telescopes
based on Resistive Plate Chambers (RPC) [4].

1.2. LouMu project

The LouMu project is a collaborative effort, started in 2018, involv-
ing Portuguese physics, geology and science outreach institutions, with



