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Abstract The goal of the PolarquEEEst experiment
was to measure the cosmic charged particle rate at lat-
itudes greater than 66◦ N, where no systematic and

accurate measurements at sea level have ever been per-
formed. A latitude range well above the Arctic Circle
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was explored on board of a sailboat, up to the unprece-
dented northernmost value of 82◦07′ N.

In this paper a description of the experimental set-
up is reported, then the procedures for calibration and
data analysis are described in detail. The results show
that the rate measured in this latitude range stays con-
stant within a novel accuracy of ±1%.

Keywords Cosmic rays · Cosmic ray detectors ·
Latitude effects · North Pole

PACS 94.20.wq · 95.55.qf · 98.70.Sa · 95.55.Vj

1 Introduction

The PolarquEEEst experiment measured with unprece-
dented precision the cosmic charged particle rate at sea
level in a latitude range between 66◦N and 82◦N, well
beyond the Arctic Circle. The interest of the measure-
ment lies in the fact that it is well known to exist a
significant dependence of the cosmic ray intensity at
the ground level on latitude. In fact, the shielding ef-
fect due to the presence of the geomagnetic field, related
to its roughly dipolar nature, is responsible of the fact
that approaching the Equator, cosmic charged particles
need higher and higher energy to reach the Earth sur-
face, and consequently only a fraction of them reaches
the ground. This induces a decrease of the flux of cos-
mic rays with decreasing latitudes. Vice versa, close to
the Poles, the measured cosmic ray flux at sea level
should reach its maximum level. However, above a lat-
itude of around 50◦, a saturation is observed, due to
the combined effects of the geomagnetic cut-off in these
regions, and of the shape of the cosmic particle energy
spectrum [1].

In 1933, A.H. Compton compiled a detailed list of
the available measurements of cosmic rays rates, mainly
obtained by means of ionization chambers, versus both
altitude and latitude [2]. The data came from mul-
tiple campaigns of measurements performed by var-
ious groups, nevertheless they clearly showed an in-
crease of the measured cosmic rate at the ground level
with latitude and, even if the statistic available at lat-
itudes > 60◦ N was very limited, a tendency to flat-
ten above latitudes corresponding to the Arctic Circle.
Moreover, in Compton’s paper, data were compared
to the Lemaître-Vallarta model [3], that, indeed, also
predicted a flattening above around 50◦ (North and
South).

The flattening of the intensity was also measured,
more recently, by other experiments, mostly using neu-
tron detectors, located on ground or on board of sci-
entific or commercial ships, typically up to maximum

latitudes of about 60◦ (for an interesting review, see,
again, [1]). Nevertheless, even nowadays, scarce mea-
surements are available above the Arctic Circle, par-
ticularly concerning charged particles, and more data,
possibly on a longer time scale, are needed.

The PolarquEEEst experiment was hosted on the
60-feet eco-friendly sailboat Nanuq, which left for a six
weeks cruise on July 22, 2018, from Ísafjörður (Iceland),
reached Longyearbyen (Svalbard Archipelago, Norway),
then circumnavigated the Svalbard Archipelago reach-
ing the maximum latitude of 82◦07′ N, and ended its
voyage on September 4, in Tromsø (Norway). In ad-
dition to the detector on board the sailboat Nanuq,
PolarquEEEst consisted in two other identical detec-
tors, located in Norway and in Italy and used for cross-
reference.

The sailing cruise was organized as the Polarquest2018
expedition [4]. The mission of Polarquest2018 was to
celebrate the 90th anniversary of the unfortunate Air-
ship "Italia" expedition, which in 1928 performed an
exceptional endeavor reaching by air the North Pole,
but wrecked during its way back due to adverse me-
teorological conditions. The airship "Italia" expedition
was not only a exploratory mission but also a scien-
tific one, and the scientists on board carried out several
scientific experiments, including measurements on cos-
mic rays flux performed quite close to the sea level,
using an electroscope, without finding relevant changes
within the explored latitudes [5].

Three scientific experiments were hosted on board:
one related to the search for macro and micro-plastics
in the Arctic sea waters around Svalbard (carried out
by the CNR-ISMAR), another for cartographic map-
ping with drones of the north coast of the archipelago
(by GREAL - European University of Rome and Italian
Geographical Society, see [6]), and the third, conven-
tionally called PolarquEEEst, about cosmic rays, whose
description and first results are reported in this paper.
A tale story of the mission and some photos are avail-
able in Ref.[7].

The PolarquEEEst experiment was carried out within
the "Extreme Energy Events: Science inside Schools"
(EEE in the following) project of the "Museo Storico
della Fisica e Centro Studi e Ricerche Enrico Fermi"
(Centro Fermi, for shortness) in Rome [8], which also
operates a large network of cosmic ray telescopes lo-
cated across Italy and CERN.

In this paper the PolarquEEEst detector hardware,
readout system and data acquisition will be thoroughly
described. Data analysis procedures and some physics
results will also be presented.
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Fig. 1 One of the three PolarquEEEst detectors. The lines
indicate the 4 tiles inside the internal light-tight box; the red
points the position of the SiPMs. The small insert shows the
cut on the scintillators (wrapped with mylar) and the wedge
carved into the scintillators to ensure a good contact to the
SiPM (red circle).

2 The EEE project and the PolarquEEEst
detectors

The EEE project started in 2004 as the first experiment
on cosmic rays which, at the same time, includes an
important component of scientific dissemination within
high schools [9].

The EEE detectors are Multigap Resistive Plate
Chambers (MRPC), derived from the time of flight
detectors of the ALICE experiment at CERN. Three
stacked chambers constitute an EEE "telescope", ca-
pable of tracking cosmic muons, and equipped with
control, trigger, readout, and GPS modules. Presently
51 telescopes are operating in high schools all across
Italy, while eight additional telescopes are installed in
research laboratories, including two at CERN. The ge-
ographical area spanned by these telescopes exceeds
3×105 km2, namely the largest area in the world used
for such kind of experiments. In order to operate as a
real network, all collected data are sent in real time
to the INFN CNAF computing center for storage and
reconstruction [10].

The EEE experiment is currently carrying out a
large variety of measurements on cosmic rays. In par-
ticular, the topology of the array offers both the possi-
bility to study the local cosmic rays flux, measured by
means of single telescopes (see, for instance [11] [12]),
and to detect high or very high atmospheric showers
(known as Extensive Air Showers), by searching events
coincident in time across telescopes located few hun-
dred meters up to few kilometers apart [13]. Moreover,
due to the large surface spanned, EEE is in an almost
unique condition to search for large distance correla-
tions between showers, namely events detected almost
at the same time in telescopes hundreds of kilometers

Fig. 2 Simplified block diagram of the FE card, showing its
main components.

apart, which would be potentially very interesting due
to their peculiar origin [14].

The outreach part of the EEE experiment involves
the students in the MRPCs construction and tests at
CERN, in their installation at the schools, and in the
responsibility to monitor the stations on a daily ba-
sis. The activities of the students also include master-
classes on data analysis, project conferences both via
video-connection (monthly) and by presence (yearly).
All students can access the collected data via a specif-
ically developed web interface. Every year more than
a thousand students and teachers participate in the
project.

The PolarquEEEst experiment was conceived with
the same philosophy of EEE, as a high level scien-
tific program but also as an outreach initiative for high
school students.

2.1 The PolarquEEEst detectors

The detectors for PolarquEEEst were developed respect-
ing the constraints in terms of dimensions, weight, power
consumption, and the requirements on robustness and
reliability deriving from the fact that one of them had
to be hosted on board of a sixty-feet sailing boat, cruis-
ing for six weeks with limited support and possibility
to replace components. In particular, due to the eco-
friendly nature of the mission, the total electric power
available on the boat was limited, and the one assigned
to the PolarquEEEst detector on board less than 20 W.
Nevertheless the detectors had to be characterized by
high efficiency and by the possibility to precisely tag the
events in time and space in order to produce a detailed
map of the cosmic ray intensity during the trip.

The choice fell on detectors made each of two layers
of plastic scintillator (1 cm thick BC400 Saint-Gobain)
separated by 11 cm, each divided into four tiles 20×30
cm2 in dimensions. Each tile is readout by two Advan-
Sid ASD-NUV4S-P-40 Silicon PhotoMultipliers (SiPMs
for shortness) placed on opposite corners of the tiles
(whose angles were slightly cut), with a specifically de-
signed mechanical wedge to firmly press the SiPM onto
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Fig. 3 Left panel: artist view of the detector box, with the electronics box at the bottom (highlighted with a red circle). Right
panel: electronics box with the TRB, the power supply, the RPi3, the Sense Hat and the EVK-M8xZOE GLONASS board.

the scintillator surface, as shown in Figure 1. Given the
geometrical configuration chosen, these devices can de-
tect charged particles coming from direction forming
a maximum angle up to ≈ 73◦ with the vertical. Of
course, the detector acceptance is maximum for par-
ticles coming from the vertical direction and progres-
sively decreases with the zenithal angle.

The four tiles were placed inside a light-tight box
made of DELRIN®; the two layers were mounted on
supports and the whole detector placed inside another
external light-tight box of dimensions 560×780×195 mm3.
One detector total weight is about 65 kg.

The SiPMs are readout by Front End electronics
(FE) custom cards, each able to independently pro-
cess the analog signals from two SiPMs. Each card is
equipped with two input pre-amplifiers, re-scaling the
analog signals and feeding them to the discriminators.
The thresholds of both discriminators can be remotely
adjusted via a Digital to Analog Converter (DAC). The
final stages of the FE cards (eight in total for one whole
detector) provide each two independent low-voltage dif-
ferential signals (LVDSs) to a custom Trigger and Read-
out Board (TRB), described in details in the following.
The FE card hosts also a DC-DC stage, providing the
necessary bias voltage to the two SiPMs. The bias is ad-
justable in the typical working range for the AdvanSid
ASD-NUV4S-P-40, allowing a fine tuning of the gain
for all the SiPM reading out the detector.

The FE card is also equipped with a stage for the
temperature-related corrections to the SiPM bias. In
fact, the dependence of the gain on temperature vari-
ations is a well known feature of SiPMs. The ASD-
NUV4S-P-40 shows a linear dependence between the
breakdown voltage and the temperature, with a typical
gradient of 26 mV/◦C between −20 ◦C and +50◦C. The

correction stage probes the temperature by means of a
thermo-resistor and applies an adjustable linear correc-
tion to the SIPMs bias voltage. While thresholds and
biases can be remotely tuned via the DAC, the temper-
ature correction has to be set through a potentiometer
installed onto the board, in order to avoid any acciden-
tal variation of the correction during the data taking. A
simplified block diagram of the FE is shown in Figure 2.

The three PolarquEEEst detectors were convention-
ally called POLA-01, the one on board the sailboat
Nanuq, and POLA-02 and POLA-03 the ones located
on ground.

2.2 The low power consumption Trigger and Readout
Board

The readout electronics, the power system and the data
acquisition system (DAQ) for the PolarquEEEst detec-
tors are hosted in a box located at the bottom of the de-
vices (see Figure 3). In order to comply with the above
requirement about the limited power supply available
on board, the system was designed so that its total
power consumption is about 12.5 W.

The 16 SiPM LVDS signals from each detector are
fed into the Trigger and Readout Board (TRB), which
is equipped with an Altera Cyclone 5 Field Programmable
Gate Array (FPGA) [15], a high performance Multi-Hit
Time-to-Digital Converter (HPTDC) [16], and an USB
card with a FT232H chip [17] (see Fig.s 4 and 5).

The TRB board is powered with 12 V voltage, and
feeds the main 5 V power to all the electronics through
a DC-DC converter hosted on board. For POLA-01, on
the boat, the 12 V was obtained from the available 24
V by means of a second DC-DC converter. For the two
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Fig. 4 Read-out DAQ and Control block diagram.

other detectors on the ground, POLA-02 and POLA-03,
in order to keep a similar power configuration, an AC-
DC was used to convert the 220 V to 24 V. In addition,
a backup battery was used in case of temporary power
down.

The event trigger is implemented within the FPGA,
by requiring at least three SiPM signals to be in a 10
ns time-coincidence window. Moreover, the trigger logic
requires two of the SiPMs to be from the same tile and
another from a tile in the other plane. In case of need,
noisy SiPM can be excluded by the trigger logic. For
testing purposes, the trigger can also be generated by
an external pulse or via software.

In the FPGA, an algorithm to calculate the ar-
rival time of each SiPM LVDS signal and its start-to-
end time duration is also implemented. This directly
provides a Time-Over-Threshold (TOT) measurement,
namely the interval between the time when a signal
from the SiPM exceeds the threshold, and the time
it crosses it down again, which is approximately pro-
portional to the charge of the signal. The same mea-
surement is performed with the HPTDC. FPGA and
HPTDC provide a redundant measurement, quite im-
portant in such type of experiments.

All coincidences capable of generating a valid trig-
ger, and all acquired event triggers, are counted by two
separate counters implemented in the FPGA. By com-
paring the counts from the two scalers, the dead time
can be calculated.

2.3 Sensors and DAQ

Either a GPS (Global Positioning System) or a GLONASS
(GLObal NAvigation Satellite System) board is used to
provide the position, the absolute time and to provide
a 1 pulse-per-second (PPS) to the TRB. A 100 MHz
system clock is also used by the TRB to provide a pre-

Fig. 5 Photo of the Trigger and Readout Board (TRB).

cise event timestamp, together with the PPS. An EVK-
M8xZOE GLONASS board [18] was used for POLA-01,
while for POLA-02 and POLA-03 a GPS board with
L80-M39 module [19] was employed.

The DAQ is controlled by a Raspberry Pi 3 B+
board (RPi3) [20], which controls the TRB through a
I2C connection and receives data via USB from the
FT232H card.

Several sensor modules, connected to the RPi3, are
used to monitor the temperature, the pressure and the
orientation. In particular, three DS18B20 1-Wire digital
thermometer sensors are used to monitor the tempera-
ture inside the electronics box, inside the detector box,
and outside. Both the bare chip [21] and the water-
proofed versions [22] of the DS18B20 sensor were used.

A Sense Hat board, made especially for the Astro
Pi mission [23], is used to monitor the orientation (yaw,
pitch, roll) via an accelerometer, a 3D gyroscope, and a
magnetometer with the LSM9DS1 sensor [24], the pres-
sure with the LPS25H sensor [25], and the humidity
with the HTS221 sensor [26].

For redundancy, a BME280 sensor [27, 28] is also
used to monitor the pressure, the temperature and the
humidity, and a BNO055 sensor [29, 30] is also used on
POLA-01 to monitor the orientation of the detector.

Python scripts running on the RPi3 are used to
readout the TRB and the sensors, and to store the data
on the RPi3 SD card. Several python scripts are also
used to configure the TRB and the FE DAC, and mon-
itor in real time the data with the RPi3. Also a web-
interface for the data acquisition is used.
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Fig. 6 TOT distributions for POLA-01, POLA-02 and POLA-03. All plots refer to data taken on July 27, 2018. The channel
numbering scheme is explained in the footnote.

3 PolarquEEEst detector commissioning and
installation

The three PolarquEEEst detectors were built at CERN
in May 2018. The mechanics, scintillators, SiPM and
Front-End parts were assembled with the involvement
of 23 high-school students from Italy, Norway and Switzer-
land, as similarly done for all EEE detectors.

After assembling, POLA-01, POLA-02 and POLA-
03 were tested for a month long period, first in stand-
alone and then also using the two EEE telescopes lo-
cated at CERN, named CERN-01 and CERN-02, as
benchmarks. The three POLA detectors were placed
side by side, at a position a few tens of meters from the
two EEE CERN telescopes.

Usual basic checks were performed by verifying, for
instance, that the measured frequencies of the imping-
ing particles were roughly consistent among the three
detectors. At this stage, also, the thresholds and bias
voltages of all SiPM channels were precisely set by slightly
tuning them with respect to their default values, in or-
der to get the Time-Over-Threshold (TOT) and Pseudo-
Efficiency (PE) distributions similar for all channels in
the three detectors.

Examples of TOT distributions after equalization
are shown in Fig. 6; they are quite similar across the
various channels of the three POLA detectors 1.

The PE of a channel is defined as the probability
that a SiPM provides a signal, on the condition that

1The channel numbering scheme, used here and in the fol-
lowing Figures, groups together SiPMs from the same side of
the two scintillator planes. So, 0 and 1 channels label the two
SiPMs of one of the long side of the top scintillator plane,
and 2 and 3 the corresponding SiPMs on the bottom plane.
4 and 5 label the SiPMs on the short side of the top plane,
moving counterclockwise, 6 and 7 the corresponding on the
bottom plane, and so on, covering all the sixteen channels for
each detector.

the other SiPM,reading the same scintillator tile, con-
tributed to the same event trigger. Such a quantity can
be easily measured during data taking since, as already
pointed out, the trigger was based on the request that
at least three SiPMs over four candidates of two tiles
on two planes (majority condition) provided a signal in
coincidence. Since two SiPMs coupled to the the same
tile see the same events, events with a larger number of
photons are likely to be detected by both SiPMs. There
are also positions where an impinging crossing particle
is detected more efficiently by the closest SiPM and less
by the farthest. These effects are small (of the order of
a few per cent of the cases), but imply that, although
PE is not an absolute measurement of the channel ef-
ficiency, nevertheless it can be quite useful to detect
macroscopic problems during operations and to moni-
tor channel stability.

An example of PE value as a function of the channel
number is shown in Fig. 7; it always stays close to 1.
Also the fraction of events out of time are reported in
Fig. 7, meaning the fraction of events where a signal
from a certain SiPM channel was detected, but fell out
of the 10 ns time window where coincidences for triggers
were searched for. Looking for them in a time window
of ±100 ns around the trigger, as was done in this case,
they were generally less than 1 %. This immediately
gave an estimate of the noise in the channels and the
amount of accidentals, which resulted to be negligible.

TOT and PE equalization was also repeated once
the detectors were installed at their final destinations,
and used later on for monitoring purposes (see next
Section).

During the period when the detectors stayed at CERN,
the GPS time tags, in particular, were carefully checked,
in order to be sure that the time reconstruction chain
worked properly.
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Fig. 7 Left: Pseudo-Efficiency, channel-by-channel, for POLA-01, POLA-02 and POLA-03. Right: Fraction of events out of
time, channel by channel, for the three POLA detectors. All plots refer to data taken on July 27, 2018.

A plot of the events detected in coincidence by POLA-
01 and CERN-01 is reported in Fig. 8. The plot refers to
events acquired on June 17, 2018, for a period of about
11 hours, and was obtained by using the time tags as-
sociated to each event in the two detectors and check-
ing if there was any pair with a difference in time less
than ±1 µs. In the figure the peak due to the particles
associated to the same Extensive Atmospheric Shower
impinging on both detectors can be clearly seen above
the background due to accidentals.

The observed width of the peak, around 74 ns, is due
to two main contributions: the intrinsic time precision
of the two detectors, and the time spread due to the
uncertainty on the arrival direction of the shower front.
The intrinsic time precision refers to the accuracy of
the absolute Universal Time Coordinate (UTC) each
event is tagged with, and is given by the detector time
resolution convoluted with the GPS timing precision.
The UTC tag is used to perform offline coincidences
among the detectors.

Since the two detectors were around 70 m apart, the
spread due to uncertainty on the shower arrival direc-
tion can be estimated to be about ± 50 ns, and that
allows to infer an intrinsic time precision of the two
systems around 50 ns.

Analogous plots, also obtained with data taken on
June 17, 2018, and referring to the coincidence peaks
between two pairs of POLA detectors, namely POLA-
01/POLA-02 and POLA-01/POLA-03, are shown in
Fig. 9. In this case, since the POLA detectors were
placed less than a couple of meters from each other,
the intrinsic time precision only determines the width
of the coincidence peak, resulting in a value between
40 and 50 ns, also coherent with the previous obser-
vations. Both plots correspond to a simultaneous data
taking period of about 2.5 hours, the difference between
the number of coincidences observed in the two cases

Fig. 8 Time coincidences between POLA-01 and CERN-01;
data were taken on the June 17, 2018.

being mainly due to the fact that POLA-01 was closer
to POLA-02 than to POLA-03.

After the period at CERN, POLA-01 was shipped
to Isafjörður in Iceland, and mounted on the deck of
the Nanuq sailboat, inside a hutch specifically designed
to host it, positioned just above the sleeping berth and
open toward it: being connected to the cabin and di-
rectly accessible from it, the detector and its electronics
were protected against external weather conditions and
measured a temperature excursion less than 10◦C. The
upper layer of the hutch was mainly made of birch ply-
wood (12 mm), fibre glass (1.8 mm), polystyrene foam
(80 mm) (see Fig. 10). These are to be added to the 2
cm of plastic used for the black box enclosing the scin-
tillators to estimate the total amount of material above
them.

At the same time, POLA-02 and POLA-03 were in-
stalled inside two high schools, one at Nesodden, close
to Oslo in Norway, at 59◦50′ N, 10◦68′ E, 84 m of
altitude and the other at Bra, in Piedmont (Italy),
at 44◦42′ N, 7◦52′ E, 310 m of altitude, respectively,
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Fig. 9 Time coincidence peaks of POLA-01/POLA-02 (left) and POLA-01/POLA-03 (right). Data were taken on June 17,
2018 and correspond to approximately 2.5 hours.

Fig. 10 Photo of the POLA-01 detector enclosed in its fiber-
glass yellow hutch on the deck of the Nanuq sailboat. (Photo
by O. Pinazza.)

where they were constantly monitored and controlled
by teams of local teachers and students. POLA-02 and
POLA-03 were hosted in air-conditioned rooms, where
temperature was kept constant with a precision of around
1◦C, and permanently connected to the internet, so
that data could be transferred in real time, and the
devices could be accessed remotely. Moreover, rooms
on high floors of the schools buildings were chosen, in
order to minimize the muon absorption in the overlying
rooftops. At Nessoden the ceiling above POLA-02 was
mainly made of plaster panels (12.5 mm thick), glass
wool, and a metal layer on top of which a 22 mm parti-
cle board and two layers of cardboard were placed. At
Bra, the material above the POLA-03 detector was a
20 cm layer of full bricks, 5 cm of plasterboard and an
additional layer of terracotta tiles.

4 Data taking and detector monitoring

The official data taking period of the PolarquEEEst
mission has been defined to start at 00:00:00 of July
21, 2018, namely the day before when the Nanuq set
sail from Isafjörður with POLA-01 on board, at geo-
graphic coordinates of 66◦04′ N, 23◦07′ W, and to last
until 23:59:00 of September 4, 2018, at end of the day
when it arrived at Tromsø, at 69◦39′ N, 18◦57′ E. Plots
of the relevant quantities vs. time shown in this paper
will be mainly referred to this period of time. Of course,
the three POLA detectors took data, whenever possible,
also before July 21. After its arrival at Tromsø, POLA-
01 was switched off and dismounted from Nanuq, while
POLA-02 and POLA-03 remained at their locations
taking additional data.

Given the sensitive materials used for these detec-
tors, only charged cosmic particles were detected, namely
basically muons and a reduced fraction of electrons. The
fractions of muons and electrons, and their energy, were
affected by the material above the detectors, which was
not the same in the three cases. Therefore it was not
possible to disentangle the contribution from the two
species. Moreover, the detectors were characterized by
a very limited tracking capability, provided only by the
information about which tile of the upper and lower
scintillator planes yielded a signal, information which,
anyhow, was not exploited in this analysis.

Data taking was performed in short runs, of 30000
"buffers" each, that were saved on the solid state mem-
ory of the devices immediately after the conclusion of
each run, in order to reduce the possibility of losing data
because of hardware failures. A "buffer" is a set of data
read out from the TRB all together at the same time,
which can contain either one or more triggered events.
On the average, 30000 buffers corresponded to about
38500 triggered events. On August 14, the number of
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Fig. 11 Pressure (left) and temperature (right) as a function of the time, from July 21, 2018 up to September 4, 2018,
measured by the sensors of the three POLA detectors: from top to bottom, results from the sensors of POLA-01, POLA-02
and POLA-03.

buffers in one run of POLA-01 was increased to 50000,
to reduce the total number of files to be handled.

For the analysis described in this paper, only runs
containing more than 9000 buffers and characterized by
a dead time less than 0.25% were considered. This al-
lowed to exclude short calibration runs or runs affected
by some kind of hardware or software problem.

The two detectors installed at high schools, POLA-
02 and POLA-03, were configured to transmit data to
the EEE computing center at CNAF (Bologna). Ac-

cording to the usual EEE workflow, data were processed
and reconstructed and several quality plots were soon
thereafter published on the web monitor page [31] to
verify that the data acquisition system was working
properly. This allowed a continuous monitoring of these
devices.

When POLA-01 was hosted on Nanuq sailing in the
Arctic Sea without any stable internet connection, the
data acquired were stored in the local solid state mem-
ory and later on transferred as soon as an internet con-
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Fig. 12 Channel by channel PE averaged in the full period,
for POLA-01, POLA-02 and POLA-03. Here, the binomial
errors are used.

nection was available (this usually happened when the
boat was harboured in a port). In order to replicate
also for POLA-01 the frequent data quality checks, data
were daily reconstructed and checked locally by the re-
searcher on board using a laptop connected to one of
the USB port of the Raspberry PI. Moreover, the DQM
plots (few tens of kBytes in size) were sent to CNAF
using a satellite phone whenever possible.

During the 46 days of official data taking, corre-
sponding to 1104 hours, the POLA-01 detector acquired
about 110 millions of events, POLA-02 131 millions,
and POLA-03 109 millions.

The continuous monitor of the activity of the three
PolarquEEEst detectors during the full period allowed
to keep the duty cycle of POLA-01 at the level of 89.1%,
(equivalent to 984.7 hours of effective data taking) and
the duty cycles of the two other telescopes almost at
100%, and precisely 99.5% for POLA-02 (equivalent to
1098.1 hours of data taking) and 98.6% for POLA-03
(1088.2 hours).

Main reasons for downtime in POLA-01 were occa-
sional power cuts, bad weather, or various GPS, sensors,
TRB and DAQ problems which typically needed just a
reboot of the system to be solved. Moreover, during bad
weather it was sometimes impossible to connect the lap-
top on board to POLA-01, and this happened to cause
some data loss because the DAQ stopped and needed
to be restarted. The cuts on run quality cited above
contribute to the total dead time for about 0.25%.

Environmental parameters were continuously mea-
sured during operation, since these are important for
possible correlations with the measured flux of cosmic
muons and, in general, to have a clear picture of the
conditions these devices were operating at.

Sensors of temperature, pressure, etc. were readout
during data taking at fixed time intervals, namely ev-

ery 2 s for POLA-01, and every 30 s for POLA-02 and
POLA-03. In fact, environmental conditions were ex-
pected to vary more rapidly for POLA-01 with respect
to the others and, in particular, frequently measuring
the inclination of the detector with respect to the ver-
tical due to the boat roll and pitch was critical, as it
will be shown later on in this paper.

Pressure and temperature measured by the sensors
of the three detectors POLA-01, POLA-02 and POLA-
03, since July 21 to September 4, 2018, are shown in
Figure 11 as a function of time. For the sake of clarity,
quantities reported in the plots of Figure 11 are sampled
at time intervals of 10 minutes.

For what concerns pressure, data both from the
SenseHat and the BME280 sensors are plotted, and
they basically coincide, apart from a few mbar sys-
tematic shift, more evident for POLA-02. Pressure for
POLA-01 registered important excursion during the data
taking, up to 45 mbar, while pressure measured by
POLA-03 was on the average 30 mbar lower than the
others because Bra, where the detector was located, is
285 m a.s.l.

Temperature was measured, by means of three iden-
tical DS18B20 sensors, placed one inside the box host-
ing the electronics, another inside the box hosting the
scintillators and the third outside it, glued on its outer
surface, which basically measured the environmental
temperature. While these two last temperature values
are very close to each other, the one measured inside
the electronics box is, as expected, significantly higher.
These plots confirm the expected temperature excur-
sions of ±5◦C for POLA-01 and ±0.5◦C for POLA-02
and POLA-03, apart from a few days period at the be-
ginning of August 2018, when the air conditioning sys-
tem of the room hosting POLA-03 was not operating
correctly.

In addition to environmental conditions, also mea-
sured rates, TOT and PE were used to check the sys-
tem stability. Examples of TOT and PE distributions
were already reported in Fig. 6 and Fig. 7, while cos-
mic muon rates were the main goal of the measurements
performed with these detectors, and will be extensively
discussed in the following.

A summary of the measured Pseudo Efficiencies, av-
eraged over the full period of data taking, is given in
Fig. 12, for the three detectors. The error lines repre-
sent the size of the variations on PE (as Gaussian σ)
observed in the full period. PE remain higher than 97 %
during the whole period of data taking in all channels,
and, anyhow, variations with respect to their average
value stay well within a ±0.5 % range.

Distributions obtained measuring the average TOT
values (<TOT>), channel by channel, over one minute
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Fig. 13 TOT distributions averaged over the full period of data taking measured with POLA-01, POLA-02 and POLA-03.

Fig. 14 PE vs. <TOT> for channel-0 of POLA-01. The red
points represent the average PE values.

time intervals, during the whole period of data taking,
can be seen in the three plots of Fig. 13, and again, show
a quite stable system behaviour. TOT distributions for
POLA-01 are slightly lower than the others because the
applied threshold were higher. Their spread is larger,
probably due to the fact that POLA-01 operated in
less controlled conditions with respect to POLA-02 and
POLA-03, for instance in terms of material positioned
around them, or the different cosmic particle spectrum
when in open sea at different latitudes, or the fact that
POLA-01, integral with the Nanuq sailboat, was not
always horizontal.

Finally, the dependence of the PE on the <TOT> is
shown in Fig. 14 for channel 0 of the POLA-01 detector,
featuring variations smaller than 1%. The plot demon-
strates that channel PE stays quite constant over a wide
range of <TOT>. Similar behaviours are observed for
the other channels of POLA-01 and all the other chan-
nels of the other detectors, implying that no macro-
scopic differences in efficiency are expected because of
different <TOT> across the three POLA detectors.

Also the dead time due to the DAQ system was
measured by comparing the number of triggers arriving
in input to the TRB and the number of events actually
written on the solid state memory, as already pointed
out in Sect. 2.2. The fraction of events lost due to the
dead time of the DAQ system is about 10−3.

5 Corrections to the raw data

The rate of impinging particles as a function of the time
(henceforth called "raw rate") measured by the three
detectors of the PolarquEEEst experiment for the full
period of official data taking is shown in Fig. 15. Raw
rates were determined by counting the number of events
contained in a certain run and dividing it by the run
time duration. For the sake of clarity, to obtain each of
the data points in Fig. 15 and in analogous plots there-
after, multiple runs have been grouped together in 12
hours time slots, and the raw rate has been averaged
over that time interval. As it can be seen from Fig. 15,
POLA-01 and POLA-02 measured most of the time a
raw rate between 32 and 34 Hz, sometimes with sig-
nificant fluctuations outside this range, particularly for
POLA-01, while POLA-03 stayed more stably around
28 Hz.

The raw rate measured by POLA-01 during its trip
is also shown in Figure 16, together with the detec-
tor geographic and magnetic latitudes, and geographic
longitude, as a function of time. POLA-01 reached the
maximum latitude, slightly above 82◦ N, in the evening
of August 13, 2018. From this Figure there is no evi-
dence of any correlation of the measured raw rate with
geographical or magnetic coordinates.

A map showing the trip route of the Nanuq sailboat
during its mission, with, in colours, the raw rate mea-
sured by POLA-01, is shown in Fig. 17. Apparently, a
significant increase in the raw rate was measured when



12

Fig. 15 Raw rate measured by POLA-01 (black circles),
POLA-02 (blue squares) and POLA-03 (blue triangles) as
a function of the time since July 22, 2018 till September 4,
2018.

Fig. 16 POLA-01 raw rate (top panel), geographic and mag-
netic latitude (middle panel) and longitude (bottom panel) as
a funtion of the time since July 22, 2018, till the end of its
trip in Tromsø.

the boat sailed across the South coast of the Svalbard
archipelago, and a slight decrease close to the maximum
latitude reached, North of it.

Indeed, in order to compare data acquired by the
three POLA detectors, positioned at various latitudes
and altitudes, in different environmental conditions, it
is important to correct the raw rates for all the local
effects which can affect the measurements.

For instance, for POLA-03, the absorption of cos-
mic particles in the material above it is expected to be
relevant, since the telescope was installed under a roof
made of full bricks, while the others were located under
thinner layers of lighter materials. In order to estimate
the absorption in the roof, some data were also acquired
outside the building, for one day, before the official data
taking started. The overall effect when moving POLA-
03 from outside to its final position inside the building

Fig. 17 Raw rate map measured by POLA-01 during its trip
in the Arctic Sea.

was measured to be at the level of ≈ 30%. This explains
why in Fig. 15 the data points referring to POLA-03 are
systematically lower with respect to the others.

A much smaller effect was expected for POLA-02,
which had a much thinner roof on top of it. In fact,
after performing a similar check, the rate variation of
POLA-02 when moving it from outside the building to
indoor was found to be at the level of ≈ 3%.

Temperature is well known to affect the gain of
the SiPMs, and therefore its variation might affect the
measured rates. However, since temperature excursions
were limited in the experimental conditions of Polar-
quEEEst, even on the Nanuq, temperature effects dur-
ing data acquisition were found to be low (surely less
than 0.5%) and no significant variation of the rate with
temperature was observed with the POLA detectors.
This was also confirmed by laboratory tests with a cli-
mate chamber, performed with a spare scintillator tile
after the expedition, where no relevant variation of the
rate could be measured within the temperature excur-
sions observed by POLA-01.

One important factor to be taken into consideration
for POLA-01 is its inclination with respect to the ver-
tical direction. In fact this device was mounted on a
sailing boat which could pitch and roll depending on
the weather and sea conditions, and the sailing pace
chosen, and therefore could stay inclined during data
taking for not negligible amounts on time. Detector in-
clination affects the measured raw rate because of its
angular acceptance and the fact that the cosmic flux at
sea level depends on the zenithal angle, namely a larger
number of cosmic particles comes from directions close
to the vertical.
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Fig. 18 Left: Correlation between the zenith angle measured with the gyroscope and by the accelerometer in POLA-01. Right:
Distribution of the difference of the cosines of the two angles measured by the gyroscope and the accelerometer mounted on
POLA-01.

Fig. 19 Left: Raw rate measured by POLA-01 (black points in the upper plot) from July 29 to July 31, 2018, when the boat
was inclined for a period of about 9 hours. Also the rate corrected for the inclination effect (red points) and the inclination
angle (black points in the lower plot) are shown. In this case, a 10 min binning has been used for the rate, while for the
inclination angle measurements every 2 s are reported. The time is expressed in UTC. Right: A photo of the sailboat Nanuq
during the incident of July 30, when the boat reached 48 degrees inclination during low tide.

Inclination was measured using both the gyroscope
and the accelerometer, included in the Sense Hat hosted
in the electronics box aside the Raspberry PI used for
readout and shown in Figure 2. A correlation plot of
the angles θGyro and θAcce, between the vertical di-
rection and the axis perpendicular to the top surface
of POLA-01, is shown in Fig. 18-left. For this plot all
the measurements, taken each 2 s, were used. It shows
that the cases where the two angles differ significantly,
namely more than 1◦ ÷ 2◦, are of the order of few per
million and might probably be due to sudden mechani-
cal shocks during navigation that affected the gyroscope
measurements for a few seconds. A distribution of the
difference of the cosines of the two angles measured by
the gyroscope and the accelerometer is also shown in
Fig. 18-right, and confirms this conclusion.

In order to correct the raw rate, in this analysis,
to each event in a run was associated a θGyro value
obtained by linear interpolation between the two mea-
sured θGyro closest in time to the chosen event. Then,
the number of events in a run was counted, weighting
each event with the inverse of cos (θGyro). The rate cor-
rected for the inclination effect was obtained by dividing
this number for the run duration.

In an alternative way, it has been also verified that,
thanks to the large statistic involved, the results ob-
tained do not change significantly if, simply, the raw
rate of each run is divided by the average cos(θGyro)

measured during that run. Also using cos(θAcce) leads
to the same results.

A striking opportunity to verify the importance of
the correction for telescope inclination and of the accu-
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Fig. 20 POLA-01 rate as a function of time from July 22 to
September 4, 2018. Black points: raw rate; red points: rate
corrected for the inclination effect discussed in the text.

racy of the procedure used, occurred when, on July 30,
the Nanuq boat got stranded close to the Svalbard Is-
lands because of low tide. The raw rate measured by
POLA-01 during this event, and immediately before
and thereafter, is shown in Fig. 19, together with the
measured inclination angle. In the late evening of July
29 the boat started sailing upwind, more and more in-
clined, then changed pace, progressively returning to
the vertical position. At 3:30 UTC of July 30 it got
stranded, and a clear rapid reduction in the rate can be
seen just in coincidence with this event. At around 30
degrees of inclination, data acquisition had to be inter-
rupted for safety reasons, even if the boat ended up to
be inclined up to 48 degrees bank with respect to the
vertical, where it stayed for about nine hours, until the
tide came back.

Anyhow, rate corrected for the orientation effect is
also shown, and this stays approximately stable during
the full period. The hole in the data acquisition that can
be seen is due to the fact that all systems, including
electrical power, were shut down for security reasons
while waiting for the tide. Note that in this case, events
have been grouped in 10 minutes bins, to compute the
rates.

The raw rate measured during the whole period of
data taking by POLA-01 and the rate corrected for the
inclination effect are both shown in Figure 20. The pe-
riods when such an effect is more evident correspond to
strong cross wind, when the boat was sailing with the
wind on its side, thus maintaining a constant inclina-
tion for hours or even days. After correction, the rate
presents a smoother behaviour as a function of time.

Also a correction to the measured raw rates of all
three telescopes, related to the variation in rate associ-
ated to atmospheric pressure changes, has to be applied.

An increase in pressure, in fact, produces a reduction
of the observed rate because the pressure reflects the
amount of air that the secondary particles produced by
the interaction of primary cosmic rays high up in the
atmosphere have to traverse before being detected. This
effect has been well known for a long time [32, 33].

The raw rate measured by POLA-01 corrected for
the inclination effect and the raw rates measured by
POLA-02 and POLA-03 are shown vs. pressure in the
left panels of Figure 21. Here each data point repre-
sents a run, pressure is the average pressure during that
run, and data refer to the whole period of data taking.
POLA-03 experienced, during operation, smaller pres-
sure excursions, roughly between 975 and 990 mbar,
with respect to POLA-01 and POLA-02, both in the
990÷1030 mbar range.

In order to compute the relative correction to the
raw data, the data points reported in Figure 21 were
fitted with an exponential law and the relative best fit
coefficients, in the following labelled as α and β, were
determined for each POLA detector. They are reported
in the same Figure 21.

The barometric correction coefficients γ(p), one for
each telescope, to the raw rates were computed as: γ =

exp[α+β(p−pref )], where pref is an arbitrary reference
pressure. The average pressures measured by the POLA
detectors during the whole data taking were used as
pref ; in this way no arbitrary offset to the average cor-
rected rate with respect to the average raw rate is in-
troduced. Reference pressures were 1011.85 mbar for
POLA-01, 1008.53 and 985.87 mbar for POLA-02 and
POLA-03, respectively. The raw rates were multiplied
by γ(p) to obtain the corrected rate; p is the average
rate measured during a certain run.

Note that, while for POLA-01 and POLA-02 the
best fit and barometric coefficients were found to be
very similar to each other, POLA-03 appears to be less
sensitive to the pressure effect. The difference is prob-
ably due the different materials thickness on top the
telescopes. In fact, higher material absorption selects
higher energetic particles, whose probability to be ab-
sorbed in air is lower.

The rates corrected following the procedure described
above are shown in the right panels of Figure 21 and
indeed no dependence on the rate with pressure can
be observed any more. It has also been verified that
the results do not significantly change if the pressure
correction is performed using, in place of the average
pressure during a certain run, the average pressure mea-
sured during 1, or 5, or 10 minute(s) time slots, and the
relative raw rates.

Note that the absolute values of the raw rates mea-
sured with the POLA detectors are also affected by
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Fig. 21 POLA-01 (top), POLA-02 (middle) and POLA-03 (bottom) rates as a function of the pressure. Left column: rates
corrected for the angle with respect to the vertical direction for POLA-01 and raw rate for POLA-02 and POLA-03 (the green
line shows the best fit result); right column: rates corrected for the barometric effect at the reference pressure value (see text).
Note that the scale used for POLA-03 is reduced with respect to the others.

other effects, like, for instance, the different latitudes
they were located at, and their altitude with respect to
the sea level. These effects are expected to be more rel-
evant for POLA-03, which was much Southern located
than the others, and on a low hill. In this case, roughly,
they should amount to some percent. However, since
the main goal of this analysis was to determine a pos-
sible dependence of the rate measured by POLA-01 on
latitude during its trip in the Arctic Sea, and since these

particular effects do not depend on time or POLA-01
latitude, they do not need to be corrected for.

6 Results

The rates of cosmic particles measured by POLA-01,
POLA-02 and POLA-03 during the official data taking
period of the PolarqueEEEst mission, corrected for the
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Fig. 22 Rates of cosmic particles measured by the three
POLA detectors, corrected for the orientation (POLA-01)
and pressure (POLA-01, POLA-02 and POLA-03) effects, as
a function time since July 22, 2018.

pressure and inclination effects described in the previ-
ous section, and henceforth here simply called "rate",
are reported in Fig. 22 as a function of time. No other
correction, for instance due either to the thickness of
the materials above the detectors, or their different al-
titudes, or their efficiency, was applied.

Variations of the rate around their average values
are clearly reduced with respect to the ones shown in
Fig. 15, in particular for POLA-01 and POLA-02, where
they were more evident. Rates stay around an average
value of 33.18 Hz for POLA-01, 33.03 Hz for POLA-
02 and 27.73 Hz for POLA-03, with small fluctuations
with respect to these values. In order to have a quanti-
tative estimate of such fluctuations, histograms of the
observed rates were done, and the relative distributions
fitted with Gaussians. They are shown in Fig. 23, and
demonstrate that they are around 0.26 Hz, 0.22 Hz and
0.16 Hz for POLA-01, POLA-02 and POLA-03, respec-
tively, namely < 1%.

The map of the trip marked with the rate mea-
sured by POLA-01 (corrected for the effects mentioned
above), is reported in Figure 24. The zones shown in
Figure 17 where, apparently, the rate significantly de-
viated from its average value, are not visible anymore.

In order to more easily recognize a possible corre-
lation of the rate measured by POLA-01 with the lati-
tude where the detector was located, the rate as a func-
tion of latitude, divided by the average rate, is shown
in Figure 25-top. For each data point here the mea-
sured rates have been averaged across all data taken
at a certain geographic latitude, regardless of the time
of data taking, and the errors reported on the rate are
statistical. The rate measured by POLA-01 stays more
or less constant around its average value, with fluctu-

Fig. 23 Distributions of the rate observed by the three
POLA detectors during data taking, with Gaussian fits su-
perimposed.

ations generally contained in the ±1% band around it,
as already said. Apparently, no clear trend can be seen,
which could suggest a possible dependence of the mea-
sured cosmic particle rate on the latitude.

The rate measured by POLA-01 divided by its aver-
age value, as a function of the geomagnetic latitude, is
also shown in Fig. 25-bottom. Indeed, in the very north-
ern regions, geographical and geomagnetic latitudes can
significantly differ, and this is confirmed, for instance,
by the fact that the northernmost geomagnetic latitude
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Fig. 24 Rate of cosmic particles, corrected for all the effects
mentioned in the previous Section, measured by POLA-01
during its trip in the Arctic Sea.

Fig. 25 Top: Rate measured by POLA-01 vs. geographical
latitude, divided by the average rate. Bottom: Rate measured
by POLA-01 vs. geomagnetic latitude, divided by the average
rate.

Fig. 26 Cosmic particle rates measured by the POLA detec-
tors as a function of time since July 22, 2018. The green line
shows the results of the best fit with a linear function of the
time. Note that the scale used for POLA-03 is smaller with
respect to the others, to make visible the observed drift.

reached by the Nanuq was less than 80◦ N, to be com-
pared with the 82◦ N of geographic latitude. Never-
theless, no clear evidence of any trend of the rate vs.
geomagnetic latitude is visible in Figure 25.

In order to understand the origin of the observed ±1

% fluctuations around the average value of the cosmic
particle rate measured by POLA-01, a comparison with
the rates measured by POLA-02 and POLA-03 is use-
ful. In fact, if some external cause would affect the pri-
mary cosmic ray flux, like, for instance, small changes in
the Solar activity, night-day variations, seasonal mod-
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Fig. 27 Rate measured by POLA-01 as a function geographic (left) and magnetic (right) latitude, before (black points) and
after long term drift correction (red points).

Fig. 28 Percentage rate fluctuations with respect to the av-
erage rate measured by the three POLA detectors and by
the Oulu neutron monitor, the latter being located at the So-
dankylä Geophysical Observatory of the University of Oulu,
in Finland, as a function of time.

ulations, or else, this should affect the measurements
performed with all three detectors.

Indeed some common behaviour can be observed
by studying the cosmic particle rates measured by the
three POLA detectors during data taking. In particu-
lar, one common behaviour is a time drift of the av-
erage rates. Rates measured by POLA-01, POLA-02
and POLA-03 are shown in Figure 26, where it is ev-
ident that all three detectors measured an increase of
the rate of the order of a few tenths of percent over a
time interval of about six weeks, which can therefore be
attributed to a common external cause.2

2This rate variation, further measured with one of the POLA
detectors on ground over a much longer period of time (nearly
one year long), appears to be season dependent and is cur-
rently under investigation.

To take into account this effect, a linear fit has been
performed, as shown in Figure 26, and the baseline cor-
responding to the best fit has been subtracted to the
measured rate values. Thereafter, a direct comparison
between the cosmic particle percentage rate fluctua-
tions measured by the various detectors can be done.

The rate measured by POLA-01 during its whole
trip on the sailboat Nanuq is shown in Figure 27 as a
function of geographic latitude, precisely from 62◦07′

N to 82◦07′ N, before and after correcting for the time
drift effect pointed out in Figure 26. Indeed, during
its trip, Nanuq passed twice at certain latitudes, a few
weeks after having performed the first measurements,
and this resulted in a slightly different measured rate.
In the same Figure 27 the same rate is also shown as a
function of geomagnetic latitude.

Rate percentage variations with respect to the av-
erage rates vs. time have been computed after the drift
subtraction for POLA-01, POLA-02 and POLA-03, and
are shown all together in Figure 28. Also the rate fluc-
tuations of the cosmic neutrons measured by a detec-
tor of the Global Neutron Network, located at the So-
dankylä Geophysical Observatory of the University of
Oulu, in Finland [34], at 67◦22′ N, 26◦38′ E, 180 m al-
titude, are shown in the same Figure. Indeed, a very
similar behaviour in the rate fluctuations measured by
the three POLA detectors around their central value
can be clearly observed, with oscillations synchronized
in time and roughly equal in amplitude and direction.

This is even more evident in the first row of Fig-
ure 29-left, where the percentage rate variations with
respect to the average rate measured by the closest
POLA detectors, namely POLA-01 and POLA-02, are
shown. Here, in particular during the first weeks of data
taking, oscillations with a roughly weekly period are
evident, measured in both detectors. In the same Fig-
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Fig. 29 Percentage rate variations as a function of the time (left column) and rate variation correlation plot (right column).
Top row: POLA-01 and POLA-02; middle row: POLA-01 and Oulu; bottom row: POLA-02 and Oulu. The red line shows the
fit with a linear function. The correlation coefficients from the top to the bottom are 0.31, 0.35 and 0.50, respectively.

ure 29-right, a correlation plot between the rate per-
centage fluctuations measured by the two POLA detec-
tors at the same time is shown, and demonstrate once
more how the pairs of measurements are correlated.

A similar comparison is shown in the second row of
the same Figure 29, obtained this time using POLA-01
data and the rate of the cosmic neutrons measured by
the neutron detector located at Oulu. Also a compari-
son between POLA-02 and Oulu is shown in the third
row of the same Figure 29, and both show a strong
correlation among the measured rates.

It can be noticed that POLA-01 rate, measured on
board of Nanuq, is affected by somehow larger fluctua-
tions with respect to the ones measured by POLA-02 or
at Oulu, as can also be inferred from Figure 29. How-
ever, the fact that the same weekly oscillations in the
rate of cosmic particles are simultaneously observed in
detectors which are: i) far from each other, ii) operated
in different conditions; iii) sensitive to different kinds
of particles (namely mainly muons vs. neutrons), is a
strong hint that these are of common origin and not
related with POLA-01 location or latitude. They can
likely be attributed to some kind of Solar cosmic ray
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Fig. 30 Rate measured by POLA-01, divided by the aver-
age rate, as a function of geographic (black points) and geo-
magnetic (red points) latitude, once all corrections have been
applied. All data points fall within a ±1% band around the
average.

modulation, and this aspect is worth to be investigated
further.

Finally, Figure 30 summarizes the results, showing
the cosmic particle rate, divided by the average rate, vs.
latitude measured by POLA-01 on board of the sailboat
Nanuq, once all corrections have been applied, including
the latter for time drift. A uniform behaviour is found
within an unprecedented precision of ±1%.

7 Conclusions

The PolarquEEEst experiment, installed on the sailing
boat Nanuq, has carefully measured the cosmic parti-
cle rate at sea level in the extreme northern latitude
interval 66◦ ÷ 82◦ N, where no accurate and system-
atic measurements were available. The measured cos-
mic rate, after corrections, does not show any evidence
of dependence on either the geographic or geomagnetic
latitude where it was measured, thus indicating a con-
stant cosmic ray flux in the latitude range considered,
within a ±1% accuracy. This result, obtained at sea
level in an almost unmeasured region well beyond the
Arctic Circle, confirms the trend already observed al-
most one century ago, in the 1930s, and is consistent
with the effects of the Earth magnetic field near the
North Pole.

In order to understand the origin of the residual
fluctuations in the measured rate, not correlated with
latitude, data have also been analyzed in conjunction
with the ones of two twin reference detectors installed
inside two high schools in Nesodden (Norway) and Bra
(Italy) and of an additional cosmic neutron detector lo-
cated at Oulu (Finland). Many of the observed features

in the rates are common, leading to the conclusion that
they are actually due to a common external cause.

After the Polarquest2018 mission, one of the Polar-
quEEEst detectors (POLA-01) was used to take data
on cosmic rays in a tour on the road along the Italian
peninsula and thereafter in Germany and Switzerland,
with the aim to obtain a complete scan, with the same
detector, of the cosmic particle rate over a wider lati-
tude interval. The results obtained will be presented in
a forthcoming paper.
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