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Il Telescopio per muoni a LNL

INFN-LNL e un laboratorio dell’Istituto Nazionale Fisica Nucleare.
Da alcuni anni ospita uno strumento didattico per osservazioni sul
raggi cosmicl: un telescopio a scintillatori plastici per la misura di
flusso di muoni. | muoni sono particelle elementari che hanno
origine dal raggl cosmicil.

Lo strumento era stato costruito all’Universita di Padova che si
trova a circa 15 km da INFN-LNL

Per il collaudo dello strumento nella sua nuova collocazione e
stato predisposto un piccolo sistema di acquisizione dati e un set
di procedure per trasferire | dati in un’area di raccolta e
visualizzazione di libero accesso.

Istituto Nazionale di Fisica Nucleare
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Nei grafici: in ascissa il tempo; in ordinata i conteggi (4-7 conteggi SIPM, 8 coincidenze)
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Sopra a sinistra: 1l telescopio per la misura del flusso di muoni a LNL
Sopra a destra: I'area di accesso ai dati prodotti dal telescopio per muoni



OPEN DATA dal Telescopio
er muoni a INFN-LNL

“Agganciare” Il sistema di acquisizione dati del telescopio per muoni ad un’area di scambio APERTA e stato
utile per il collaudo del sistema, dopo il suo trasferimento nella nuova sede, ma anche per altri scopi:

- per 1l controllo del funzionamento degli scintillatori e dell’elettronica nel tempo;

- per la verifica degli effetti ambientali a lungo termine sullo strumento, per variazioni di luminosita
ambientale e della temperatura;

- per Il possibile immediato uso didattico dei dati da parte di studenti delle scuole superiori dell’area di
Padova, in attivita di tirocinio ed orientamento, organizzate dai colleghi di INFN-PD o dai docenti delle
scuole.

First Results on the Anticorrelation Between Muon Counts and Atmospheric
Pressure at the International Cosmic Day Muon Telescope at the LNL

RELATION BETWEEN MUON COUNTS AND East-West effect according to which an asymmetry should be
ATMOSPHERIC PARAMETERS seen in the muon counts due 1o the latitude-related effect of
the Earth magnetic field
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ABSTRACT

The LNL hosts a muon ielescope (Figure 1) mostly used for
outreach purposes and especially for the Iniernational
Cosmic Day (ICD), an event organized by DESY which sees
several institutes around the world perform in parallel
casmic vay measurements together with high-school students.

it is well known thar local atmospheric paramerers affect
the muon rate. In this contribution, we investigate the
anticorrelation  hetween  muon  counts  and  atmospheric
pressure as measured with the muon telescopes in Jan-Feb
2022, A significant anticorrelation is found. Further analvses
with a lavger datasample will allow us 1o improve the
precision of the resull, as well as possibly investigate other
atmospheric-related corvelations, such as with temperature
and fumidiy,

INTRODUCTION

The telescope used for the following obscrvations is a
detector obtained by combining plastic scinullators with

silicon photomultipliers (SiPM). The semntillator slabs were
wrapped in a black and opague foil to avoid the interference
of ambient light. As can be seen in Figure 1. the scintillator
slabs were placed parallel to one another at a distance of
about one meter. Between the two scintillators was placed an
aluminum “shield™ i order to filter the lower encrgy particles
and observe only highly penetrating muons. Furthermore, the
two seintillators were linked to a counter of coincidences, that
would record the passage of a muon particle only when it
happened in the four SiPMs within the time span of 50 ns.
The counter circuit 1s mounted on a programmable board that
also contrels the SiPM voltages and reads the atmospheric
pressure among other things. Finally. the recorder was
programmed to reset every minute, and transmit the data
through a USB serial link. Furthermore, the telescope could
be easily rotated thanks to the two pivots on the sides of the

between the two variables: as the detector is tilted toward the
horizontal position, the amount of muen coincidences
diminishes following a cos’ law reaching a minimum when
the scintillator plates are vertical. Following the ICD
experience, it was decided to offer the participants the
possibility of taking part to other projects that revolve the
theme of cosmic rays analysis by creating booklets that
describe the personal take o ch part ant on the event and
this project involved one of them as a PCTO (soft skill

training for high school students that offers the chance 1o
broaden the students’ knowledge and view on a specific
profession)

changing atmospheric properties. The reader is referred to the
textbook [2] for an ample discussion. The dependence on the
pressure (barometric effect) was discovered in the 1920s and
interpreted two decades later. mostly in works of Dorman and
others, as an absorption, decay and generation effect [3]. The
temperature dependence in the 1930s and it's connected 1o the
decay of muons and pions. Several nt works also present
data about muon counts - pressure anticorrelation [3]. In all
the cases above anticorrelation stronger than -0.8 are found

RESULTS

Figure 2. depicts the results of the analysis implemented on
the data recorded between 28/01/2022 and 08/02/2022. The
data were analyzed with the help of a Python notebook'
that was programmed to access the data online, to create an
array with the relevant information from the data (time,
pressure and muon counts), to calculate the average and
uncertainties from the counts and the pressure values, to plot
the data and to compute the statistical parameters (e.g. the
Pearson linear correlation and 1ts errors). As Figure 2 shows,
by plotting the average amount of muon coincidences
recorded (error  bar included)
there is a strong anti comelation between the two
variables. The uncertainties bands were computed following
the law sqrt{N), were N is the number of events in the band

Crsus  pressure  va lue,

OUTLOOK

In conclusion, this simple setup of the ICD muon telescope
already allows us to explore interesting physical behavior
between the muon counts and atmospheric parameters. In the
future it could be developed by observing the behavior of the
muon counts-pressure correlation in various areas with
significantly different atmospheric conditions. Moreover,
observing the behavior of the correlation of these variables
throughout a longer span of time could provide a deeper
understanding of their dependency. Finally, as mentioned in
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Fig. 2. The anticorrelation between muons counts and
atmospheric pressure with data from the LNL INternational
Cosmic Day Detector as measured from 28 Jan 2022 to 08 Feb
2022, The Pearson index is -0.885

[1] International Cosmic Day, hitps:/ficd desy de-

[2] L. L. Donman, “Cosmic Rays in the Earth's Atmosphere
and Underground” Kluwer Academic Publishers 2004
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plarform and the inclination was measured with an in-built
goniometer. The telescope was used throughout the ICD to
observe and record the dependence of the muon coincidences
to the inclination of the particle revelator, thus giving students
a first hand experience of the empirical approach and method
that defines scientific research hy analyzing the relation Fig. 1. Picture of the muon telescope currently hosted at the LNL.

the introduction, the next step for this experiment would be to
observe and compare the behavior of other atmospheric
variables, such as temperature and humidity, in relation to the
muon  coincidences recorded. as well as the so-called
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Sopra: la relazione di una studentessa che ha usato | dati dal telescopio per
analizzare I'effetto della pressione atmosferica sul flusso del muoni
A destra: I'autrice parla del suo lavoro ad altri studenti.

Sopra: studenti in stage a INFN-LNL, in fase di misura del flusso di muoni
Sotto: iImmagini dall’international Cosmic Day 2022, con uso dei telescopio e del sistema di presa dati

International Cosmic Day, e un evento internazionale, organizzato in Italia dalla collaborazione OCRA di INFN
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