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YETI was a working group within the International Astronomical Youth Camp[1] 2018 (IAYC18) [session DD 19.1]. The IAYC has been promoting astronomy and astronomy related sciences for 50 years. Apart of night
observations, the IAYC oﬀers the possibility to young people from 16-24 years old to work for three weeks in their own research project. Among the diﬀerent working groups oﬀered in the IAYC18, was YETI astrophYsics Experiments wiTh partIcles. The goal of this YETI was to explore the ﬁeld of astroparticle physics by studying particles from cosmic rays interactions: the muons. To do so, the group divided into
sub-groups that worked on providing a theoretical understanding of these particles and their origin, measuring their abundance at diﬀerent altitudes and understanding the variation of their interaction rate. The
highlight of these measurements is that they were performed with a self-made muon detector built by the group itself. It is based on a MIT-designed detector called CosmicWatchⒸ[2] . This poster oﬀers an overview of
the work performed by the diﬀerent YETI sub-groups.
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Muon detector

In order to understand the Universe, we commonly gather information from the
cosmos in the form of light - the main pillar of Astronomy. However, we also
receive information in the form of cosmic ray particles. This branch of astronomy is
known as astroparticle physics and it is our aim to learn about it through the study
of muons. Muons are Standard Model particles with a lifetime of 2.2 μs. In essence,
they are like the well-known electron (same charge and spin) only 207 times more
massive[4]. We are interested in the muons produced in chain reactions after cosmic
rays interact with the atoms in the uppermost atmosphere. Cosmic rays consist of
ordinary matter (mainly highly energetic protons) which has undergone some
extraordinary process to gain an immense amount of energy. After the interaction
with the atmospheric atoms, the hadronic component of the air shower decays into
secondary particles like muons[5]. All these processes satisfy conservation laws:
lepton and baryon number, ﬂavour, charge, momentum and energy[4]. Only the
most energetic particles reach the Earth’s surface. Being relativistic particles,
muons are some of the particles that often reach the surface[5] [6].
Therefore, studying the muons expected rate, their energy and directionality
provides plenty of information about the cosmic rays and their origin. In this work,
we studied the muon interaction rate at Nettlecombe Court located in the Exmoor
National Park, in the UK. To make the measurements, we built a muon detector
following the design of the CosmicWatchⒸ[2] from MIT. Additionally, we provide a
mathematical model describing the muon interaction at this location, which ﬁts the
on-site observations.

The measurements were taken to understand the inﬂuence of the environment on the
ﬂux of muons, e.g. at diﬀerent sites and atmospheric conditions. Similar considerations
apply for experiments that require low muon background.

YETI sub-groups

We measured across as large a range of altitudes as was available to us. From the
altitude graph in Figure 2 we can see a hint for an increase in the muon rate as the
altitude increases. This could imply that altitude has an impact on the muon ﬂux, as
muons decay as they travel through the atmosphere: a small change in altitude led to a
decrease in muon counts. However, the work room was at the base level of the house,
implying a big overburden of concrete and other building materials. This is more likely
the cause of the ﬂux reduction, since this diﬀerence of altitude is negligible for a particle
travelling at relativistic speed.
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Figure 2: Data from our muon detector at diﬀerent altitude, air pressure and humidity.
Site: Nettlecombe Court, UK; Altitude: 102m AMSL; Humidity: 60-85%
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Figure 3: Muon detector inner parts including the PCB, the plastic scintillator, the
Arduino Nano board and other electronic components such as the screen and the LED.

The scintillator is a 5x5x1 cm3 plastic which emits light when an ionising particle
interacts with it. The muon will deposit few MeV/cm. To diﬀerentiate its interaction
from other ionising particles (alphas, betas, gammas...) we distinguish between
diﬀerent scenarios. Alphas and betas will be mostly stopped due to their short
attenuation length before reaching the scintillator. As for the most tricky ones - the
gammas - we need more components to reject them; the SiPM, the peak detector
and the arduino. By sampling the decay time of the interactions, the Arduino code
calculates the inicial deposited energy to distinguish muon events. Stacking several
of these detectors would allow also coincidence/directional studies.
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Air pressure was also considered to aﬀected the rate. As can be seen from the trendline,
the air pressure increase seems to correlate with a drop in muon rate. A possible
explanation for this observation is, that a larger number of particles also implies a higher
chance of muon interactions.
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Humidity is also crucial. The data shows a decrease in muon rate with increase in
humidity.
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