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Dear Young ICD-Researchers, 

Thank you for your participation and contribution to the  
9th International Cosmic Day! 

Over 4700 students, teachers and scientists from  
13 countries have made this day possible. 

Various cosmic particles constantly reach the Earth – particles  
that can provide insights into events happening in the depths  
of the universe. You – the ICD young researchers – studied  
cosmic rays for one day. For 24 hours around the globe,  
cosmic particles were at the center of interest. All over  
the world, we discussed questions like:  
    What are cosmic particles? 
    Where do they come from? 
    How can they be measured? 

You all have done your measurements very well. It is great  
to see all the results, which show only small differences  
but many agreements. 

We hope the International Cosmic Day gave you an  
insight into astroparticle physics – a young research field  
located at the interface between astrophysics, particle  
physics, astronomy and cosmology. 

Maybe you have become interested and it opens a  
new window  for you to explore the universe. 

In this booklet you can find information about  
all participating groups, the results of your  
measurements and web links to  
more information about  
astroparticle physics.  
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INTERNATIONAL
COSMIC DAY

Image Credit: DESY, Science Communication LabImage Credit: DESY, Science Communication Lab

November 4 | 2020

Cosmic particles, these unnoticed particles that surround us all the time, 
are the focus of this day. Students, teachers and scientists get together to 
talk and learn about Cosmic Rays and answer questions like:

What are cosmic particles? 
Where do they come from?

How can they be measured?
And what can we learn from them?

Discover Cosmic Rays

If you want to know more 
about the secrets they bring with and to be 
part of this day, get here more information:

http://icd.desy.de
https://www.facebook.com/InternationalCosmicDay
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INTERNATIONAL COSMIC DAY 2020

ALL PARTICIPATING GROUP 

The map shows the location of the registered participants.
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%HLMLQJ�'RQJ]KLPHQ +LJK�6FKRRO��&+,1$

5HVXOWV

$FWLYLWLHV�DQG�H[SHULPHQW $QDO\VLV

2XU�WHDP

0HDVXUHPHQW�RI�LQWHQVLW\�IRU�($6
GHSHQGLQJ�RQ�]HQLWK�DQJOH�QHDU�VHD�OHYHO

2XU�6FKRRO�LV�ORFDWHG�DW�/DWLWXGH�����°1��
/RQJLWXGH����°(��DOWLWXGH������PHWHUV�DERYH�
VHD�OHYHO��7KHUH�DUH���VFLQWLOODWLRQ�GHWHFWRUV�LQ�
RXU�GHWHFWRUV�DUUD\��
6FLHQWLVWV�JLYH�OHFWXUHV�IRU XV��DQG�ZH�

DQDO\]HG�WKH�GLUHFWLRQ�RI�HDFK�($6�HYHQW�
GXULQJ�DSSUR[LPDWHO\����GD\V�DQG�ZH�IRXQG�
WKDW�WKH�($6�LQWHQVLW\�LV�WKH�GHVFHQGLQJ�
IXQFWLRQ�RI�]HQLWK�DQJOH�

7KH�VHQVLWLYH�DUHD�RI�HDFK�GHWHFWRU�LV����P�����
GHWHFWRUV�VSDFHG���P�DSDUW�DV�D��×��PDWUL[��
:KHQ�WKH�FRVPLF�UD\V�($6�SDVVHV�PRUH�WKDQ���
GHWHFWRUV��WKH�%'6�RU�*36��WLPH��DPSOLWXGH�RI�
VLJQDO��DQG�WULJJHUHG�GHWHFWRU¶V�QXPEHU�ZLOO�EH�
UHFRUGHG�
:H�DQDO\]HG�WKH�GLUHFWLRQ�RI�HDFK�($6�HYHQW�

GXULQJ�DSSUR[LPDWHO\����GD\V�IURP�����������WK
WR������������WK 2FW�������DQG�REWDLQHG�WKH�HYHQW�
QXPEHU�LQ�HDFK�UDQJH�RI�WKH���]HQLWK�DQJOH�
XQLIRUP�UDQJHV�IURP�]HUR�GHJUHH�WR�QLQHW\�GHJUHH��

%HFDXVH�WKH�LQWHJUDO�LQWHQVLW\�RI�SULPDU\�FRVPLF�UD\�LV�SURSRUWLRQDO�WR�(����WKH�
($6�LQWHQVLW\�LV�WKH�GHVFHQGLQJ�IXQFWLRQ�RI�]HQLWK�DQJOH�

7KH�($6�LQWHQVLW\�GHSHQGLQJ�RQ�]HQLWK�DQJOH
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6WDQGDUG�
GHYLDWLRQ�RI�1L�
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,QWHQVLW\�RI�($6�
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6WDQGDUG�
GHYLDWLRQ�RI�,L�
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:H�DUH�IURP�%HLMLQJ�'RQJ]KLPHQ +LJK�6FKRRO��ZH�KDYH�D�GHWHFWRUV�
DUUD\�WR�PHDVXUH�H[WHQVLYH�DLU�VKRZHU��($6��RQ�WKH�URRI�RI�RXU�VFKRRO��
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&RVPLF�UD\�*URXS�RI�6RXWKZHVW -LDRWRQJ 8QLYHUVLW\��&KLQD

WDNH�KRPH�PHVVDJH

:RUN

3DUWLFLSDQWV

0HDVXUHPHQW�RI�LQWHQVLW\�IRU�H[WHQVLYH
DLU�VKRZHU�GHSHQGLQJ�RQ�]HQLWK�DQJOH

QHDU�VHD�OHYHO

:H�DUH�VHYHUDO�PHPEHUV�RI�&RVPLF�UD\�*URXS�RI�6RXWKZHVW -LDRWRQJ 8QLYHUVLW\�
:H�KDYH�D�VFLHQWLVW�=KX )HQJURQJ DQG�IRXU�VWXGHQWV�:DQJ 6KXZHQ ��-LDQJ�;LQ��
3DQJ /LQ\X DQG�/L <DRELQ �

:KHQ ]HQLWK DQJOH LQFUHDVHV� WKH GHSWK RI WKH DWPRVSKHUH LQFUHDVHV� 7KHUHIRUH� IRU D JURXQG
DUUD\ WKH GHWHFWDEOH HQHUJ\ WKUHVKROG ( RI ($6 LQFUHDVHV ZLWK WKH LQFUHDVH RI WKH ]HQLWK DQJOH�
%HFDXVH WKH LQWHJUDO LQWHQVLW\ RI SULPDU\ FRVPLF UD\ LV SURSRUWLRQDO WR (A��� WKH ($6 LQWHQVLW\ LV
WKH GHVFHQGLQJ IXQFWLRQ RI ]HQLWK DQJOH�

'DWD &RQFOXVLRQ�DQG�'LVFXVVLRQ
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&RVPLF�UD\�*URXS�RI�6RXWKZHVW�-LDRWRQJ 8QLYHUVLW\��&KLQD

2UJQL]DWLRQ

0HDVXUHPHQW�RI�LQWHQVLW\�IRU�H[WHQVLYH�
DLU�VKRZHU�GHSHQGLQJ�RQ�]HQLWK�DQJOH�

QHDU�VHD�OHYHO

7KH�SDUWLFLSDQWV�LQ�WKH�,&'�����DUH�D�VFLHQWLVW�=KX�)HQJURQJ DQG�IRXU�VWXGHQWV�:DQJ�
6KXZHQ ��-LDQJ�;LQ���3DQJ�/LQ\X DQG�/L�<DRELQ �ZKR�DUH�WKH�PHPEHUV�RI WKH�&RVPLF�UD\�
*URXS�RI�6RXWKZHVW�-LDRWRQJ 8QLYHUVLW\�

)RXQGHG LQ HLJKWHHQ QLQHW\�VL[ DV WKH ³,PSHULDO &KLQHVH 5DLOZD\ &ROOHJH´� 6RXWKZHVW
-LDRWRQJ 8QLYHUVLW\ LV RQH RI WKH HDUOLHVW LQVWLWXWLRQV RI KLJKHU HQJLQHHULQJ HGXFDWLRQ LQ &KLQD�
$QG ZH DUH WKH &RVPLF�UD\ *URXS RI 6RXWKZHVW -LDRWRQJ 8QLYHUVLW\ ZKLFK FRQVLVWV RI ��
WHDFKHUV，� GRFWRUV� DQG VRPH PDVWHUV DQG XQGHUJUDGXDWHV�

3DUWLFLSDQWV
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Our “Atelier des Deux Infinis" is a science club of Roland Garros high school,
located on Reunion Island (France, in the south hemisphere near Madagascar), devoted to the physics of the
two infinities. We develop a lot of projects around the muons : varies with the altitude; the absorption with
the water; the absorption with the rock; varies with the latitude. For this day we decided to present “the
angular distribution of cosmic rays” because it’s easy to do it on a day.

Atelier des deux infinis,
Roland-Garros high school,

Réunion Island

What‘s our take-home message?

What have we done ?

We develop a lot of projects around the muons :
varies with the altitude; the absorption with the
water; the absorption with the rock; varies with
the latitude. For this day we decided to present
“the angular distribution of cosmic rays”
because it’s easy to do it on a day.
For this day we placed our detector on a wheel
whose axis was oriented north-south. We
measured the cosmic radiation flux every 10
degrees from east to west for one hour,
For the detector, only the coincidences between
the two scintillators have been taken into
account.
we estimated the 5% angle uncertainty
and the 1% muon flow uncertainty,

What did we find out?

These results suggest that we would have 
detected east west dysymmetry of muon 
flow :

. 

Who we are ?

Angular distribution of
Cosmic Rays
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It’s a very nice day for students and teachers.
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'DWKH�*\PQDVLXP�%HUOLQ��*HUPDQ\

:KDW
V�\RXU�WDNH�KRPH�PHVVDJH"

:KDW�KDYH�\RX�GRQH" :KDW�GLG�\RX�ILQG�RXW"

:KR�DUH�\RX"

2OG�6FKRRO�'HWHFWRU��&ORXG�&KDPEHU

SXSLOV RI WKH DGYDQFHG FRXUVH SK\VLFV �4��

6HDUFKLQJ IRU FRVPLF
SDUWLFOHV LQ�D�FORXG
FKDPEHU SURYLGHG E\
'(6<�=HXWKHQ

:H VDZ D�IHZ
l α-SDUWLFOHV
l β�SDUWLFOHV

l ZLWK ORZ HQHUJ\
l ZLWK KLJK�HQHUJ\
l LQHODVWLF VFDWWHULQJ

l PD\EH D�P\RQ J

:LWKRXW VHQVLQJ LW ZH DUH VXUURXQGHG E\ SDUWLFOH SK\VLFV
HYHU\GD\�
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We are a group of students from the
BG|BRG Villach ST. Martin high school in
Austria. Our group ranged from ages 14-
19 and all of us are interested in physics
and were curious to learn about particle
and astroparticle physics. Together with
tutors from the Karlsruhe Institute of
Technology (KIT) in Germany, we spent
an afternoon, learning about elementary
particles, cosmic rays, air showers and
methods of particle detection.

BG|BRG Villach St. Martin, Austria
Karlsruhe Institute of Technology, Germany

The day started off with an introduction by Miro Joensuu, a student from our
school, about elementary particles, fundamental interactions, cosmic rays, and
their creation. We learned about different types of quarks, which make up protons
and neutrons, as well as their interactions through the strong force. Electrons and
muons, their heavier brothers, were also mentioned as part of the Standard
Model. After the Standard Model, we discussed the origins of cosmic rays and
some famous cosmic ray detectors around the world. Following Miro’s
presentation, the team from KIT took over. Maximilian Reininghaus started with a
talk on air shower physics. He told us, that when cosmic particles hit the
atmosphere, they make air showers of secondary and tertiary particles. After a
short break, Katrin Link, also from the KIT, explained the principles of the
KASCADE detector, a cosmic ray experiment built in Karlsruhe and how its data
went into the KCDC data centre. Then we got a short talk on the programming
language Python, from Viktoria Tokareva from KIT, before heading into data
analysis.

What have you done? Part I

Who are you?
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During the data analysis we split into smaller groups of two or three, each working
together with one tutor from the KIT and went through problems using Jupyter
Notebook. First, some easier examples were done, such as how to import and use
libraries, as well as plotting simple histograms. Then data from the KCDC library of
both real and simulated events was imported. In the last step, plots of muon to
electron ratios were made and compared with the results from simulated events.

What have you done? Part II

The number of events decreases
overall with energy, because higher
energy events creating these types of
particles are rarer (fig.1).
Another interesting observation was
that the electron and muon
distributions are shifted to one another
(fig.2).
Cosmic ray events create electrons
and muons unequally. In general,
more electrons are created in total,
than muons, but the former will scatter
away, while the latter can reach the
ground more easily.

What did you find out? Part I

Fig. 1

Fig. 2

BG|BRG Villach St. Martin, Austria
Karlsruhe Institute of Technology, Germany
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Events with heavier primary particles,
such as iron cores, which tend to
interact with the atmosphere earlier
have more muons, than light primary
particles, which tend to interact later and
have an abundance of electrons. This
can be seen in the 2d histograms from
simulated events, which use different
initial particles (as seen in fig. 3), such
as iron or protons. These 2d histograms
show the number of events with a
specific number of electron and muon
combinations through colour intensity.
The results from the simulations can be
used in experimental data to
differentiate between different primary
particles. Particles leading to events
closer to the bottom to figure 4 are more
likely to have heavy initial particles,
while events closer to the top probably
have light primary particles.

What did you find out? Part II

Fig. 3

Fig. 2

Apart from the extremely interesting theoretical input regarding cosmic rays, the 
event gave us an insight into how data analysis works and how meaningful 
conclusions can be drawn from a large amount of data. This enabled us a sneak 
peek into how science is conducted in real life, which we greatly appreciated.

What's your take-home message?

BG|BRG Villach St. Martin, Austria
Karlsruhe Institute of Technology, Germany
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Liceo Scientifico ‘’Stefano Patrizi’’ - Cariati (CS) Italia

What's your take-home message?

What have you done? What did you find out?

Who are you?

ICD 2020 INFN-OCRA

We are the alumns of the  IV-B

We made maesurements of cosmic rays
flux as function of the detector’s angles
inclination. The detector consists of two
identical 5x5 cm plastic scintillator
counters placed at the distance of 51cm
in order to have an angular aperture of
D = 0.0096 sterad. The counters are
assembled on a rotating arm. The
telescope can cover 8 positions in polar
angles between 0° and 90° without
overlaps.

We have experienced that the flow
decreases when the angle of the
inclination detecor’s increases with the
progress that follows the cosine squared.
The 0 ° point is about 39% lower due to
the three concrete floors above the
laboratory. . All the activities were
coordinated by Prof. M. Schioppa
(University of Calabria-INFN) and Prof. D.
Liguori (Liceo Scientifico-Cariati).

The message that we will take home its that through the analysis
of the cosmic rays we can have informations about the cosmos
and about the objects that compose him

15



:KDW
V�\RXU�WDNH�KRPH�PHVVDJH"�

:KDW�KDYH�\RX�GRQH"� :KDW�GLG�\RX�ILQG�RXW"�

:KR�DUH�\RX"�

The EEE experiment 
@ ICD 2020 

Extreme Energy Events���6FLHQFH�LQVLGH�6FKRROV��(((��LV�D�MRLQW�HGXFDWLRQDO�DQG�
VFLHQWLILF� LQLWLDWLYH�VWXG\LQJ�FRVPLF�UD\V��FDUULHG�RXW�ZLWK�WKH�HVVHQWLDO�FRQWULEXWLRQ�
RI�KLJK�VFKRRO�VWXGHQWV�DQG�WHDFKHUV���
(((� FRQVLVWV� RI� D� QHWZRUN� RI� ��� FRVPLF�PXRQV� WUDFNLQJ� GHWHFWRUV�� � LQVWDOOHG� LQ�
+LJK�6FKRROV�DQG�FRQWUROOHG�E\�VWXGHQWV��WKH�(((�GHWHFWRUV�DUH�GHSOR\HG�RYHU�DQ�
DUHD� FRYHULQJ� PRUH� WKDQ� ���� LQ� ODWLWXGH� DQG� ���� LQ� ORQJLWXGH�� FRUUHVSRQGLQJ� WR�
PRUH�WKDQ���[�����NP���
7KH� SK\VLFV� UHVHDUFK� LQWHUHVWV� LQFOXGH� WKH� SURSHUWLHV� RI� WKH� ORFDO�PXRQ� IOX[�� WKH�
GHWHFWLRQ� RI� H[WHQVLYH� DLU� VKRZHUV�� DQG� WKH� VHDUFK� IRU� SRVVLEOH� ORQJ� UDQJH�
FRUUHODWLRQV� EHWZHHQ� IDU� WHOHVFRSHV�� 'DWD� IURP� DOO� WHOHVFRSHV� DUH� FHQWUDOO\�
FROOHFWHG��UHFRQVWUXFWHG�DQG�GLVWULEXWHG�WR�WKH�VWXGHQWV���
�

�
��

5HJXODU�YLGHRFRQIHUHQFHV��PDVWHUFODVVHV��PHHWLQJV�DQG�YLVLWV�DUH�RUJDQL]HG�ZLWK�
WKH�LQYROYHPHQW�RI�DOO�LQVWLWXWHV���
,Q�������RXU�VWXGHQWV�ZHUH�LQYROYHG�LQ�WKH�DVVHPEO\�RI�WKH�32/$�GHWHFWRUV��XVHG�
DERDUG�RI�WKH�1DQXT�VDLOERDW�GXULQJ�WKH�3RODU4XHVW�PLVVLRQ��WR�GHWHFW�FRVPLF�UD\V�
DW� YHU\� KLJK� ODWLWXGHV�� ,Q� ����� WKUHH� 32/$� GHWHFWRUV� ZHUH� LQVWDOOHG� DW� 'LULJLELOH�
LWDOLD� $UFWLF� 6WDWLRQ� RI� &15� LQ� 1\�$OHVXQG�6YDOEDUG� ,VODQGV��� WR� WDNH� ORQJ� GDWD�
DFTXLVLWLRQ�
KWWSV���ZZZ�FHQWURIHUPL�LW�HHH���
KWWS���ZZZ�SRODUTXHVW�����RUJ�DGYHQWXUH�IRU�FOLPDWH�FKDQJH�FRVPLFUD\V��
�

$IWHU� FRUUHFWLQJ� WKH� UDWH�PHDVXUHG�
IRU� WKH� EDURPHWULF� SUHVVXUH�� D�
VHDVRQDO� YDULDWLRQ� RI� WKH� FRVPLF�
UD\� IOX[� GHWHFWHG� E\� WKH� 32/$�
GHWHFWRUV�KDV�EHHQ�REVHUYHG��� 

  

'XULQJ�WKH�,QWHUQDWLRQDO�&RVPLF�'D\������D�WRWDO�RI�DERXW�����VWXGHQWV�
DQG�WHDFKHUV�EHORQJLQJ�WR�WKH�(((�3URMHFW�DWWHQGHG�WKH�5XQ�0HHWLQJ�
RUJDQL]HG�E\�WKH�FROODERUDWLRQ��6DPSOHV�RI�GDWD�FROOHFWHG�DW�WKH�6YDOEDUG�
E\�WKH�(((�32/$�GHWHFWRUV�ZHUH�VHQW�LQ�DGYDQFH�WR�WKH�VWXGHQWV��'XULQJ�
WKH�PHHWLQJ�WKH\�SUHVHQWHG�WKHLU�DQDO\VLV�RQ�WKH�GDWD�VHDUFKLQJ�IRU�WKH�
VHDVRQDO�YDULDWLRQ�RI�WKH�FRVPLF�UD\�IOX[���
�

7KH�HYHQW�KDV�EHHQ�FKDUDFWHUL]HG�E\�JUHDW�SDUWLFLSDWLRQ�DQG�
HQWKXVLDVP�DPRQJ�VWXGHQWV��UHSOLFDWLQJ�WKH�VXFFHVV�RI�SDVW�WKUHH�
HGLWLRQV���
7KH�(((�VWXGHQWV�KDYH�VSHQW�WKH�GD\�E\�GLVFXVVLQJ�WKHLU�VFLHQWLILF�
UHVXOWV��SURILWLQJ�RI�WKLV�LQLWLDWLYH�WR�LPSURYH�WKHLU�VNLOOV�DQG�WR�OHDUQ�WKH�
FKDOOHQJLQJ�DVSHFWV�RI�D�VFLHQWLVW¶V�OLIH� 
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We are a group of about 40 students attending the Grammar and Human Sciences
school, coordinated by professors M. Lafata and G. di Staso. Staffa Liceum has joined since 2007 the Extreme
Energy Events project and in 2009, 4 students of our assembled at the Ginevra CERN, the three MRPC
chambers which represent the heart of TRIN-01 telescope to study cosmic rays. We also took part to the EEE-
ICD event https://agenda.centrofermi.it/event/174/

The analysis was made with EXCEL. We repeated it
with Python, in order to get the three detectors
graphics. Into the slide we can see the graphics related
to the POLA-01 data collector. But on the plots
obtained with Python, it seems to be two areas
(clouds) deriving from two popolation of different
events.

After having done contour plot for the detectors, using
different colours for different periods, it is shown on
the left the summer period while on the right the
winter one. It seems that this distribution depends on
the seasons.

1111111

Istituto Superiore Dell’Aquila-Staffa 
Via Cappuccini, 23 - 76015 –Trinitapoli (BT)

What's your take-home message? 

What have you done?

Who are you?

Data analysis of POLA-01, POLA-03 e POLA-04
detectors correlated the frequency of the events
with the atmosferic pressure in a one year time
interval from 1st July 2019 to 30th June 2020.

We partecipated
to the 2020 ICD making data analysis of cosmic
secondary rays detectors placed in the north pole.
EEE experiment takes part to the PolarquEEEst
mission with 3 twin detectors, based on scintillators
and GPS-equipped, having the capability to store
data.

What did you find out?

We enjoyed too much having made data analysis of
cosmic rays coming from the north pole; infact it was an exciting and formative experience that helped us to
learn more about this. Thanks to the professors we succeeded to explain graphics: verifying experimentally it,
we demostrated that the events frequency depends on the seasons as well as on the atmospheric pressure. We
really hope to have other experiences like that!
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In figure  the 
behavior of 
atmospheric 
pressure (red) 
and the muon rate 
(dots) as function 
of time.
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Liceo Scientifico Internazionale 
Luigi Galvani 
Bologna Italy

What's your take-home message?

What have you done? What did you find out?

Who are you?

INTERNATIONAL 
COSMIC DAY

SEASONAL FLUX OF MUONS

We are four ESABAC students, Sofia Gardosi, Isabella Merli, Caterina Robinson, Elena Zuccarelli. Our
international school has been involved in the Extreme Energy Event (EEE) project since 2006 and this year we

took part in the EEE-ICD event https://agenda.centrofermi.it/event/174/ alongside 380 participants. 

First of all we collated data from the POLA-01 and 
POLA-03 detectors, collected in the period between 
July 2019 and July 2020. Then we converted the 
data into the correct rate and studied the flux of 
muons to measure their variation in the different 
seasons of the year. We applied the correction for 
barometric effect, assuming a coefficient equal to 
− 0.002 mbar!" and a reference atmospheric 
pressure, 1010 mbar ∶ + = +#$%&'()*-!+.++-.∆0
We obtained the following results:
• the maximum flux value are:  
for POLA-01 +#(12345!" = 35.48 Hz
for POLA-03 +#(12345!6 = 35.48 Hz 
• The minimum flux value are: 
for POLA-1 +#$72345!" = 30.52 Hz
for POLA-3    +#$72345!6 = 29.66 Hz 
• The mean values are:

for POLA-1 +2345!" = 33.00 Hz
for POLA-03 +2345!6 = 32.57 Hz
• The percentage variation are: 
∆+2345!"
+2345!" ×100 = 15% ∆+2345!"

+2345!" ×100 = 18%

In a context of low energy muons, the flux of cosmic rays 
measured on Earth is variable and reaches minimum 
values in summer months and maximum values in winter 
months. The variation depends on the temperature and 
atmospheric pressure: being warmer in summer, the 
atmosphere undergoes greater expansion. Subsequently, 
the swarms of cosmic rays begin at higher altitudes and 
find it harder to reach the Earth as they have more time 
to decay. In winter the opposite happens. 

POLA-01

POLA-03

We discovered that there is a seasonality in the flux of muons, due to temperature and pressure as they affect 
the expansion of the atmosphere. In particular, we observed a maximum flux during winter and this means that 
there are muons of low energy about 1GeV. Our results are in line with those of the other groups.

35,48 Hz

30,52 Hz

35,48 Hz

29,66 Hz
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LICEO STATALE REGINA MARGHERITA, SALERNO- ITALY 

What's your take-home message? 

What have you done? What did you find out? 

Who are you"�

POLA-01,POLA-03,POLA-04 
DETECTORS AND 

SEASONAL MUON FLUX: 
DATA ANALYSIS 

 

EEE-ICD event      https://agenda.centrofermi.it/event/174/ : 380 participants 

2020 

7KH� 5HJLQD� 0DUJKHULWD� +LJK� 6FKRRO�
SDUWLFLSDWHG�LQ�WKH�DQDO\VLV�RI�GDWD�FROOHFWHG�
IURP� WKUHH� 32/$� WHOHVFRSHV� �32/$�����
32/$���� 	� 32/$����� EHWZHHQ� -XO\� �����
DQG�-XO\�������ZLWK�WKH�DLP�RI�VWXG\LQJ�WKH�
UDWH�RI�PXRQV�RYHU�WLPH�DQG�WKH�YDOXDWLRQ�RI�
WKH�SRVVLEOH�VHDVRQDO�HIIHFWV���YDULDWLRQV�LQ�
WKH�IOX[�RI�PXRQV�LQ�UHODWLRQ�WR�WKH�FKDQJHV�
LQ� DWPRVSKHULF� FRQGLWLRQV� �SUHVVXUH� DQG�
WHPSHUDWXUH����
7KH� VHWXS� FRQVLVWV� RI� WKUHH� 32/$�
GHWHFWRUV�� VPDOO� WHOHVFRSHV� PDGH� IURP�
VFLQWLOODWRU� � SODQHV� DQG� SKRWRPXOWLSOLHUV�
�6L30��� 7KH� WHDP� SDUWLFLSDQWV� RI� ���
VWXGHQWV�DQG�RQH� WHDFKHU�FROODERUDWHG�ZLWK�
HDFK� RWKHU� ERWK� RQOLQH� DQG� LQ� WKH�
FODVVURRP��7KHUH�ZHUH��IRXU�JURXSV�ZLWK�VL[�
VWXGHQWV� LQ� HDFK� JURXS�� (DFK� JURXS� KDG�
IROORZHG� WKH� LQVWUXFWLRQV� SURYLGHG� E\� WKH�
&HQWUR� )HUPL� WR� REWDLQ� WKH� GDWD� IRU�
FRPSOHWLQJ�DQDO\VLV�RI� WKH�GDWD��ZRUNLQJ� WR�
WKUHH�VHWV�RI�DYDLODEOH�PHDVXUHV���

7KH�DQDO\VLV�RI�GDWD�FRQILUPV�WKDW�WKHUH�LV�D�VHDVRQDO�WUHQG�LQ�WKH�IOX[�RI�PXRQV��©ZLQWHU�±�VXPPHUª��ZLWK�KLJKHU�
YDOXHV� LQ� ZLQWHU� DQG� ORZHU� YDOXHV� LQ� VXPPHU�� ,Q� IDFW�� ZKHQ� WKH� WHPSHUDWXUH� LQFUHDVHV� DQG� WKH� DWPRVSKHUH�
H[SDQGV�� WKH�PXRQV��FUHDWHG� IURP� WKH� LQWHUDFWLRQ�RI�SULPDU\�FRVPLF� UD\V�DQG�DWPRVSKHUH��ZLOO� IRUP�HDUOLHU� �DQG�
GHFD\� EHIRUH� WKH\� UHDFK� WKH� VXUIDFH� RI� WKH� HDUWK�� DQG� YLFH� YHUVD� ZKHQ� WKH� WHPSHUDWXUH� GURSV� LQ� ZLQWHU�� 7KH�
EDURPHWULF�FRUUHFWLRQV��HOLPLQDWLQJ�WKH�PHWHRURORJLFDO�LQIOXHQFHV��RQ�WKH�IOX[�RI�SDUWLFOHV��KDV�IXUWKHU��HYLGHQFHG��D�
KLJKHU�YDOXH�RI�SHUFHQWDJH�YDULDWLRQV�LQ�WKH�IOX[�RI�PXRQV��DERXW�����PRUH��
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Liceo Scientifico Cavour Roma, Italy

What's your take-home message?

What have you done? What did you find out?

Who are you?

Seasonal variation of muon flux

Carmen Mocanita for highschool «Liceo Scientifico C.Cavour» (Rome)
EEE-ICD event https://agenda.centrofermi.it/event/174/

We had to do our analysis of the 
muon rate from July 2019 to July
2020. We analysed the data 
from the  POLA-01, POLA-03 and 
POLA-04.
We used Excel (transforming the 
time value into a date and 
correcting the rate values for the 
barometric effect) and made 
some graphs. Then we
calculated some numerical
values and observed the graphs.

I’ve found out that (from all the detectors):
The mean rate is 33,16 Hz
The maximum flux is 35,68 Hz (in the 28/02/20)
The minimum flux is 30,01 Hz (05/05/20-
30/06/20)
I’ve noticed a seasonal variation of the muon’s flux. 
There is an increase in winter and a lowering in 
summer.

The muon flux depends on the air pressure and shows an
evident seasonal variation.
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the measurement
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4°Q Liceo Scientifico Vittoria 
Colonna, Rome (IT)

What's your take-home message?

What have you done? What did you find out?

Who are you?

DATA ANALYSIS 
Project EEE

Dario Romani & Luna Tarola, students of the fourth year of scientific high school. EEE-ICD
event https://agenda.centrofermi.it/event/174/

We have analyzed the data collected by the
muon detectors pola01, pola02 and pola03 in
order to observe the seasonal variation due to
the atmospheric temperature dependence of
muon intensity.

Therefore, we have plotted the corrected data
obtaining some graphs in Excel providing the
different rates of decay.

Analyzing the muon production profiles
obtained from the data measured from July
2019 to June 2020, in the context of
a seasonal, monthly and daily average, we
found out the positive correlation of secondary
cosmic rays with the atmospheric temperature
and pressure: as it increases, the atmosphere
expands, and the probability for a meson to
interact with molecules in the atmosphere
earlier is higher. The peak of rate is therefore
measured in February, while a reduced rate is
expected in summer.

In conclusion we can say that the muon fluxes rate recorded by detectors has a seasonal trend, because it is
influenced by atmospheric conditions of pressure and temperature.
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High School 

IISS Augusto Righi 
Taranto, Italy 

 
 

   
•Mechanical 
 
•Mechatronic and energy 
 
•Electronic and electrotechnic 
 
•Computer science and telecommunications 
 
•Construction of aircraft and flying 
 
•Scientific lyceum of Applied Sciences 
 
•Scientific lyceum of sports curricula 
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IISS Augusto Righi, Taranto, Italy 

What's your take-home message? 

What have you done? What did you find out? 

Who are you? 

Headline 

 
We are 3A and 3D class students of the “Augusto Righi”, scientific  high school in Taranto, 
Puglia (specialization in applied sciences and sports). Our city is nicknamed "city of the two 
seas“.  Our position:  latitude 40 ° 25’ 4’’80N   longitude 17° 14’27’’24 E 

For the first time, we have dealt with 
cosmic rays: we have collected 
information, news, curiosities on the 
subject. Starting from Compton’s 
researches, Pacini’s studies in Livorno, 
Bruno Rossi, Victor Hess, Millikan up to 
the Cosmic Ray Live app, we traveled to 
discover cosmic rays.  
It is interesting to note the distribution of 
the laboratories that study cosmic rays.  
In particular, IceCube international 
experiment caught our attention for its 
operating temperatures.  
We have collected information on cosmic 
rays and Cherenkov angle, through 
theses made available by the University 
of Bologna and Naples.  
The fluorescence telescopes dedicated to 
Pierre Auger are equally interesting. We 
have created a Google document in DAD 
with all our reflections. 

We used Cosmic rays Live app to take 
part to an open live event. This app is 
very easy to use and useful for 
spreading scientific knowledge.  
The graphic aspect is simple but it would 
be interesting to increase the number of 
connected laboratories.  
In this way, we reviewed the topic "lines", 
"angles", "3D view" and we collaborated 
with each other. 

We are enchanted by these mysterious cosmic rays. Their applications in our life are 
different and very useful: they can be used for non-destructive testing , at customs and in 
industry. It would be nice to increase Italian research. “and so we went out to see the stars 
again”, Dante Alighieri, Inferno XXXIV, 139 
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INFN OCRA 
members

Istituto Nazionale di Fisica Nucleare (INFN), Italy

What have you done?

Who are you?

International Cosmic Day 2020 
with the OCRA project

The OCRA (Outreach Cosmic Ray Activities) INFN program 
organizes public engagement events related to astroparticle physics. 
For more information: https://web.infn.it/OCRA/

Due to the pandemic we could not invite students to attend the ICD in our 21 
participating INFN divisions, as we usually do. We therefore organized an online 
event that was livestreamed from the Laboratorati Nazionali del Gran Sasso 
(LNGS) and Gran Sasso Science Institute (GSSI). About 3000 students from 55 
cities all over Italy took part in the event, learning about cosmic rays, visiting 
virtually the LNGS underground lab and the MAGIC experiment and making 
measurements of the cosmic ray flux via the app “Cosmic Rays Live” which 
allowed direct access to the instrument used by our researchers during the ICD.
Another 500 students attended the online event organized locally by the INFN 
Lecce group. 
The experience has been summarized by some of the students in the 
following pages. 
To watch the event: https://youtu.be/Ihchwat5Hlk

App used by 

students

Participating 

schools

Bari

Firenze
Pisa/Siena

Lecce

Catania

Milano
MilanoBi

GCGS
LNGS

Napoli

Padova

Perugia

Roma1
Roma2

Torino

Trieste

Sassari

Cosenza

Genova

Trento
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Conclusions

The International Cosmic Day The activities

INTERNATIONAL 

INFN and University of Perugia, Italy
Liceo Scientifico "G. Alessi", Perugia (PG)

I.I.S.: Scientifico e Tecnico, Liceo “E. Majorana“,  Orvieto (TR)

COSMIC DAY

On November 4th 2020, high-school students and their teachers took part
to ICD Italia 2020, an online event organized on national basis by INFN. The students were inolved in the
analysis of cosmic-ray muons collected by the detector CosmicRayCube at the Gran Sasso National
Laboratories. The students measured the intensity rate of muons as function of their incoming directions.

On November 4th 2020, the 8° edition of the
International Cosmic Day (ICD-2020) was
celebrated worldwide. In Italy, the event was
organized by the Outreach. Cosmic Ray
Activities (OCRA) network of the National
Institute of Nuclear Physics INFN. The INFN-
OCRA collaboration provided a series of
online activities for cosmic ray data analysis
on its webpage and via an online application
for smartphones. The event was broadcasted
from the INFN Gran Sasso National Labs
(LNGS) and by the Gran Sasso Science
Institute (GSSI). About two thousand high
school students took part at the italian
event. From Umbria two high-schools were
involved, with the local coordination N.
Tomassetti, University of Perugia and INFN-
Perugia. Outreach activitities within ICD are
also supported by the Italian Space Agency,
through agreement ASI-UniPG 2019-2-HH.0.

All italian students, their teachers and the local
organizers followed the event via Zoom and
Youtube. After an introduction on the physics
of cosmic rays and their detection techniques,
data were collected by the CosmicRayCube
detector at various inclination angle of the
local zenith. The data were distributed via an
online application. Thus the students were
able to collect and analyze the data, both
during the national event and during a
subsequent meeting with the Perugia group.
The data show that the ground muon intensity
! (#counts/second) decreases with increasing
zenith angle ", following a dependence of the
type I " ∝ cos!("). In the figure below, the
muon intensity ! is plotted against cos!(").

The students learned about cosmic rays and
data analysis. The ICD gave to high-school
students the opportunity to work, for a day,
as researchers in astroparticle physics.

Abstract
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During the ICD we learned about the
new discoveries concerning the
elementary particles coming from the
depth of the space. At first the
professors presented us cosmic rays: 
what are they made of?
how many kinds of them exist? 
Afterwards we virtually explored the
INFN laboratory located at Gran Sasso, 
and then we measured the muon rate 
thanks to the Cosmic Ray Cube detector. 
The best part of the day was obviously
the one where we played a trivia contest
about cosmic rays and the things we
learned all day long. Although we were
not together due to Corona Virus 
pandemic we enjoyed the educational
2020 ICD, and we hope the situation will 
get better soon!

We measured the muon flux coming from
the space. We wanted to see how the muon
rate changes in relation to the arrival
direction. We did three measurements of
100 s at each angle, with steps of 15 
degrees. After that we calculated the rate: 
the number of particles per time ranges on 
the different degrees. We created a chart
that helped us to compare the measured
values (blue dots) and the theoretical ones
(orange dots).

INFN Catania
I.I.S. Odierna, Palma di Montechiaro

Italy

What's your take-home message?

What have you done? What did you find out?

Who are you?

Cosmic Muon Rate and its angular 
distribution

Giorgio Alotto V D, Giusy Conti IV A, Giuseppe Anzalone IV A, Salvatore Domenico Di Caro 
IV A, Alessia Vinciguerra IV C, students of the I.I.S. Odierna in Palma di Montechiaro, Sicily

The ICD was an educational and life-changing project. We understood for the first time 
that physics belongs to us and is not something far from our lives. Many people showed us the
connection between physics and health, culture, computing. For example we realized the
importance of knowing how to read a chart. We enjoyed this adventure and we hope to do it
again someday!
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WHAT'S YOUR TAKE-HOME MESSAGE?

WHAT HAVE YOU DONE? WHAT DID YOU FIND OUT?

WHO ARE YOU?

With this experiment, we wanted to know

how the zenith angle affects the flux of

secondary cosmic rays on the Earth’s
surface.

We used an app linked to a particular

detector located in the GSSI. This device is

called Cosmic Rays Cube (CRC) and it’s

composed of 4 levels that contain a group
of plastic scintillators and photomultipliers

able to detect muons. CRC is set to register

only muons that pass through all 4 levels

of the device. We made 3 measurements

of how many muons are detected in 100
seconds and we averaged the 3 results

obtained. We repeated this process 13

times, orienting the detector at 13 different

angles. Then we used an Excel sheet to

confront the results

After putting data on an Excel tab, we

calculated the rate R, which is the

average number of muons detected
divided for the time. Then we drew a

chart comparing the rate with the Zenith

angle. We observed that the number of

muons that reach the detector decreases

with the increase of the Zenith angle.
This happens because with a high zenith

angle muons have to pass through more

atmosphere before their decay, so it’s

more difficult for them to reach the

Earth’s surface. With an angle close to
90° these particles have to travel for 400

km across the atmosphere instead of 15

and only a few energetic peaks can reach

the detector

This was an incredible experience for us and it allowed us to understand better and more in-

depth way aspects and phenomena of physics that we had already heard about. Was also
very interesting to hear physicists talk about their experiments and their researches. We will
surely take part again in this event next year

Classe 4^A, Liceo Scientifico L. Mossa Olbia (SS), connected with the University 
of  Sassari and INFN physics researchers.
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Liceo Scientifico ‘’Stefano Patrizi’’ - Cariati (CS) Italia

What's your take-home message?

What have you done? What did you find out?

Who are you?

ICD 2020 INFN-OCRA

We are the alumns of the  IV-B

We made maesurements of cosmic rays
flux as function of the detector’s angles
inclination. The detector consists of two
identical 5x5 cm plastic scintillator
counters placed at the distance of 51cm
in order to have an angular aperture of
D = 0.0096 sterad. The counters are
assembled on a rotating arm. The
telescope can cover 8 positions in polar
angles between 0° and 90° without
overlaps.

We have experienced that the flow
decreases when the angle of the
inclination detecor’s increases with the
progress that follows the cosine squared.
The 0 ° point is about 39% lower due to
the three concrete floors above the
laboratory. . All the activities were
coordinated by Prof. M. Schioppa
(University of Calabria-INFN) and Prof. D.
Liguori (Liceo Scientifico-Cariati).

The message that we will take home its that through the analysis
of the cosmic rays we can have informations about the cosmos
and about the objects that compose him

31



Liceo Scientifico A. Scacchi, Bari, Italy

Who are you?

What's your take-home message?

What have you done? What did you find out?

ICD 2020 - INFN

What impressed us the most was the
compactness of the shown detector and the
lack of gas and highly charged plates, in
comparison to the one used in our school
(Fig2). This is possible because it harnesses
the light emitted by a charged particle when
it interacts with a solid organic scintillator. To
carry out this procedure, WLS (Wave Length
Shifter) optic fibre and SiPM (Silicon Photo
Multiplier) are embedded at its core. Due to
its dimensions, it was easy to rotate it so as
to find the rate of events at different Zenith
angle (Fig3).
The mathematical interpretation of the data
we measured, with the usage of the Poisson
distribution was particularly interesting. This
allowed us to realize that there was a
correlation between the angle and the rate
corresponding to cos ϴ.

On November 4th, we joined the
International Cosmic Day event through a
Zoom conference. First of all, the scientists
showed us the LNGS laboratories. Then, after
a short description about cosmic rays and
the Cosmic Ray Cube (Fig.1), we have
measured the rate of the cosmic rays at
different angles. We took these
measurements using the CosmicRaysLive app
on our mobile phones. We collected these
data and displayed them using a graph to
show the relation between the rate and the
angle.
After that, we did a quiz on Kahoot to
demonstrate what we had learned during
the event. Finally, we connected to the
Canary Islands to talk with Victor Acciari
about the MAGIC experiment!.

The experience itself was very interesting and exciting. The topics covered, presented with
extreme clarity, were a real source of inspiration, as we are really passionate about them. The
conference kept us engaged throughout all its length, we really felt like we were taking part in
first person and the platforms used worked smoothly. We hope that such initiatives continue to
recur in the near future because they really push students to elaborate on new themes and
broaden their cultural horizons.

We are students from Liceo Scientifico Statale A. Scacchi, Bari, Italy
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Pictures

Fig.2 The basic tracking telescope of
the EEE (Extreme Energy Events)
Project, composed of three MRPCs

Fig.1 The LNGS Laboratories with the Cosmic
Ray Cube
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Fig.3 Experimental data

Michele Ancona, Martina Ciminelli, Paolo 
Ginefra, Michele Pascazio, Dario Picicci, Remo 
Soriano, Diana Stea, Francesco Tiani- Liceo 
Scientifico «A. Scacchi» Bari- Italy
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Cosmic rays are high-energy protons and atomic nuclei which move 
through space at nearly the speed of light. They originate from the 
Sun, from outside of the solar system, and from distant galaxies. In 
common scientific usage,  flows of high-energy particles with 
intrinsic mass are known as cosmic rays. When cosmic rays collide 
with the Earth atmosphere, they generate swarms of secondary 
particles called “air showers”, basically they radiate into many 
secondary rays, which separate into smaller ones. The primary 
cosmic rays 99% are the nuclei, deprived of electrons, of atoms of 
the Periodic Table going from H to Fe and about 1% are beta 
particles. A very small fraction are stable particles of antimatter, 
such as positrons or antiprotons. The secondary rays' main 
constituents are neutrinos, which are so energetic that can pass 
through the whole Earth, and muons, which are similar to electrons 
but 200 times heavier and can cross great but not very dense 
thicknesses, such as mountains (e.g. Gran Sasso, Italy), losing a bit 
of their energy meanwhile. Cosmic rays can reach a kinetic energy 
of 〖10〗^20eV (~20 J) which cannot be obtained with a proton 
accelerator. The most energetic cosmic rays are produced by 
explosions of lights and shocks from outside our galaxy; they reach 
the Earth crossing the space and they are extremely difficult to 
identify by ground particles’ detectors. One source of very powerful 
rays can be supernovas, which are the explosions of stars that can 
last even centuries (e.g. the Crab Nebula). 

How to measure muons in relation to the zenith angle
Among the particles that can be found in the secondary cosmic 
rays, muons are one of the easiest to detect. We observed that the 
flow of muons was not uniform and that changed depending on the 
local Zenith angle, therefore we measured the changing rate of the 
flow inclining the device we used to detect and measure these 
particles. This device is the CosmicRayCube (CRC), 
made up of three types of dectors:
- Scintillator layers, which convert the 

energy of a charged particle in light
- Optical fibres, the Wavelength 

Shifter (WLS), that collect light 
signals turning them into different 
wavelength light (Blue-green);

- Silicon Photomultipliers (SiPMs),
which can transform the collected 
light into a digitalizable
electric signal.

The experiment consisted in measuring the rate of muons
(R=particles/seconds -100s) for each angle (0°, 15°, 30°, 45°, 60°, 
75°, 90° both positive and negative (from east or from west). Then
we plotted a graph including the results of the rate that we got from 
the previous measurements: we wrote the rate on the y-axes and 
the value of the angle (θ) on the x-axes.

Analysis Results
Observing our graph, we
can state that this is a 
goniometric function, a 
cosinusoid, specifically
cos2(θ), as all of the rate 
values are positive, so the 
exponent of the 
goniometric function has to 
be an even number. 
The right function to this
graph is the following:

R = R0cos2(θ), 
where R0 is the rate of the 
muons that hit the CRC 
at 0° (when it is positioned
vertically) and it also
identifies the maximum 
point in the graph.

Conclusions
Being an active part of the 
experiment, being shown 
and explained how 
researchers work and 
ratiocinate and doing it 
ourselves were some of the 
expertise we earned from 
this conference. We could 
feel like real-life physicists 
even if we are still studying 
the basics of modern 
physics and we could have 
a glance in the still widely 
unknown and ready-to-be-discovered universe of cosmic rays. 

Gabriella Carlotta Gramegna and Gaia Mastrocristino – Liceo Scientifico «G. Salvemini» – Bari (4DCam)

Liceo Scientifico Statale „Gaetano Salvemini“, Bari, Italy

What did you find out?

Who are you?

What have you done?

INTERNATIONAL
COSMIC DAY

angle counts counts counts average

0 64 71 66 67

15 59 73 55 62.3

30 52 56 60 56

45 36 44 34 38

60 30 28 24 27.3

75 24 20 15 18

90 7 8 7 7.3

-15 74 65 72 70.3

-30 65 55 43 54.3

-45 34 42 42 39.3

-60 38 30 22 30

-75 16 15 13 14.7

-90 9 14 15 12.6
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We took part to the live event via Zoom 
and we saw a new experience about 
Cosmic Rays. 
First, we have been teached the theory 
of radiation; successively, they showed 
us the main Laboratories in Italy and in 
the rest of the Europe; later, we have 
been introduced to the way to measure 
muons and we have been illustrated 
the construction of the muon telescope 
detector; after this, we participated to 
the interactive experience; we took 
part to a funny quiz to test our 
knowledge and finally we concluded 
the day with a connection with a 
Spanish Laboratory.

Personally, we found this absolutely new experience very interesting and 
stimulating. We hope we will be able to witness another ICD, hopefully in 
person and in presence. 

We learned concepts like 
Electromagnetism and Radioactivity, 
allowing us to understand the unit of 
measurement, the ElectronVolt, and the 
particular rays that penetrate the 
Atmosphere: Muons and Neutrinos. 
We learnt the reasons of the location of 
the Laboratories in Europe. After we 
learned the structure of the muon 
telescope detector, we used it to try to 
understand how the number of particles 
(muons) detected by it varies with the 
angle of zenit. This allowed us to find 
mathematic relations between the 
frequency with which muons are detected 
by the telescope and the angle of zenit, 
and finally we obtained a graph.
Lastly, we have seen giant telescopes and 
learned their use and functioning.

Liceo Scientifico „G. Salvemini“, Bari, Italy

What's your take-home message?

What have you done? What did you find out?

Who are you?

International 
Cosmic Day 

2020

We are two students, Luca Antonio Battaglia and Alessia Alfarano from the
Institute "Liceo Scientifico G. Salvemini (BA)"
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The “International Cosmic Day” 2020 started
with a presentation by professor Ivan de Mitri 
who explained the history of cosmic rays from 
the discoveries of Marie Curie and Röntgen
to the present day preparing students for the 
activities that followed.
Cosmic rays are particles and high energy
nuclei which by moving at near lightspeed hit 
Earth from every direction. They were
discovered by the Austrian physicist Victor 
Hess at the beginning of the 20th century by 
taking measurements on an air balloon, 
confirming that radiation increased the further
he moved away from the Earth.
Cosmic rays enter Earth’s atmosphere and 
collide with its nuclei creating a great number
of particles which interact on their own or 
decade creating others which are called
“Secondary Cosmic Rays” to distinguish them
from the primary that hit the atmosphere. 
Experiments can show that muon and 
secondary neutrino are the underground 
ones, for example the one under Gran Sasso, 
since these are the only particles that can get 
so deep below ground or a mountain.

The students that participated in the event
have experimented the detection of cosmic
rays from the laboratories under Gran Sasso 
through the app “Cosmic Rays live” and after
that they filtered the data and found a relation 
between the intensity of the rays and their
angle of incidence. 
All the observations made throughout the day
were then verified with a fun competition in 
which the students displayed their knowledge.
To conclude the event a connection with the 
technical coordinator of Cherenkov
telescopes Victor Acciari was established. 
These telescopes are the most sensible in 
the world and they’re part of the MAGIC 
project (Major Atmospheric Gamma-ray
Imaging Cherenkov Telescops) in La Palma 
in the Canary Islands.
Due to bad weather the students weren’t able
to see the observatory up close, but luckily
the passionate and accurate description of 
Dr. Acciari were a good substitution to the 
direct observation.

High School Students – Class 5°N
Flavio Cisaria and Francesco Benedetto

Liceo Scientifico Statale „Enrico Fermi“, 
Bari, Italy

What did you find out?

Who are you?

What have you done?

Cosmic ray 
experiment
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During the “Cosmic rays Day” we had the opportunity to
do and learn lots of things and facts concerning Cosmic
rays and the research behind them. At first, we listened to
some of the most influential figures in this field talking
about Cosmic rays and the related laboratories of
research. Before cosmic ray analysis, we were introduced
to the subject through a brief explanation on how cosmic
rays arriving at the earth's surface as a function of the angle
of Zenith, and therefore of the vertical, are divided into
secondary particles among which the most penetrating are
muons, "cousins" heavier than electrons. Then, all
spectators watching this online conference, us included,
had a chance to take part in the research at the base of all
Cosmic Rays studies: collect and analyze data sent out
from an angular telescope (that registers all particles
passing through it during a fixed period of time) to a
smartphone app we installed on our devices. On our own,
we collected the number of particles that the telescope was
recording in a period of 100 seconds, at different angles
(east and west) each time. In the last part of the
conference, after collecting all required data, a mathematic
explanation and a graphic representation of these were
given.

The importance of knowing the world of Cosmic Rays, that most people don’t know: maybe they could be 
interested in, and in this way, turn that interest in a job.

The number of particles decreased every time the 
researcher increased the angle, until the telescope 
was at 90 degrees to his horizontal position, where 
the particles registered were almost 0. According to 
these data, the graph (on x axis “degrees”; on y axis 
“number of particles”) came out as a gaussian 
function (which looks like a high wave): so it tends 
to 0 particles when the angle tends to 90 degrees 
while, at 0 degrees, it tends to a fixed number of 
particles based on the telescope surface area and 
also its position on the Earth (for example, the one 
we were keeping data from was placed in Gran 
Sasso, southern Italy, a particular place in which is 
easier to study Cosmic rays because surrounded by 
high hills that stop other types of radiations).

Mongelli Giacomo Emmanuele
Bozzo Alessandra Benedetta

Quaranta Donato

Enrico Fermi Scientific High school – Bari, Italy

What's your take-home message?

What have you done? What did you find out?

Who are you?

A day with cosmic rays
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Topic: measurement of the cosmic ray flux
wrt the Zenith angle 

1. We downloaded the app “cosmic
rays live board” so we could
measure the number of cosmic rays
passing through the telescope.

2. We calculated the cosmic rays’ rate 
for each different angle of the
telescope and their statistical error. 

3. We plotted the cosmic rays rate on 
the y axis and the angle on the x 
axis. 

4. We did the calculations.

The universe is full of complex phenomena unknown to the unobservant. One such 
phenomenon is the ability of millions of cosmic rays to pass through human bodies. 

We concluded that the cosmic rays’ 
flux is not equally distributed: 
it decreases as the angle between
the Zenith and the direction of the
incident cosmic rays increases.
The cosmic ray flux has its minimum
and maximum values respectively at 
90° and 0°.

Liceo Francesco De Sanctis,Trani, Italy 

What's your take-home message?

What have you done? What did you find out?

Who are you?

Cosmic ray 
experiment

4As’ students:
Maria Aurora Ancona, Maria Eleonora Narciso, Vittoria Sannicandro, Francesca Soldani, Maria Clara 
Zecchillo, Tony Spadone.
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Liceo Statale“Cagnazzi”, 
70022 Altamura (BA) 

 P.zza Zanardelli, 30 - –  � Tel 0803111707 - 0803106029 � (fax) 
0803113053 e-mail:bapc030002@istruzione.it; WEB: 

www.liceocagnazzi.it 

International Cosmic Day  

Laboratory Location: 40.823599,  16.553796 

INFN- sez Bari 

What's your take-home message? 

We are a group of students from a secondary school, liceo classico “Cagnazzi”, situated in the south of Italy, and we are 
attending the last three years of secondary school. We are from class 3^A (Iurlandino), class 3^C, class 5^A (Laterza, Ciaccia), 
class 5^B (Adorante, Di Gravina), coordinated by the teachers Mrs. M.R. Cornacchia, Mrs. M.S. Vicino and Mrs. C. De Mari. 
Headmaster Mr. B. Clemente.  

We joined a videoconference organized by the 
Gran Sasso’s Laboratory. In the first part we 
listened to a lesson on cosmic rays by Mr. Ivan 
De Mitri. In the second part, using the “Cosmic 
Rays Live” app and the telescope “cosmic rays 
cube”, both created and developed by the Gran 
Sasso’s Laboratory, we gauged the rate of 
cosmic rays’ events with the changing of the 
angles made by the vertical of the place and the 
detector. These angles are identified as Θ and 
are between -90° and 90° with intervals of 15°. 
The telescope is made by 4 levels and 6 
scintillators, crossed perpendicularly in both 
ways and equipped with fiber to transmit the 
bright signal. The event can be detected only if 
it pierces all the 4 levels. Our calculation has 
been done by the range of 100 seconds. East of 
the telescope there is a 2130 metre mountain 
where less cosmic rays arrive and in the 
western side there is an highway where more 
cosmic rays arrive. 

Thanks to this experience, now we know that the 
cosmic rays are made of high energy particles that fly 
through the space at a speed similar to the light one. 
The particles that come to us are mostly muons (that 
have a mass about 200 times bigger than an electron 
one). Not all the muons can arrive to us, because their 
average life is of 2 earth microseconds and they have 
to pierce the thickness of the atmosphere multiplied by 
cos Θ, if the rays are inclined compared to the zenith. 

This experience has let us learn how to use Excel and taught us how doing researches, experiments, the use 
of technological devices and finally team working are important. We have learned a lot and we hope to be 
able to give our contribution to scientific research in the future. 

Axis x: angle Θ (negative values on the west side, positive 
ones on the eastern side);axis y: values of r (rate: medium 
number of events/100 sec with their statistic error)  .                           
East r= 0.75∙ 𝒄𝒐𝒔𝟐Θ.      West r= 0.78∙𝒄𝒐𝒔𝟐Θ.                       
There are obviously many casual errors like the manual 
activation of the stopwatch or the gauging of improbable 
events, the altitude of the laboratory, … 

What did you find out? 

Who are you? 

What have you done? 

What's your take-home message? 

What did you find out? 
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During the online course of
Cosmic days, I followed it
carefully in order to understand
how the world where we live 
works to know what kind of
people are conducting the study
of the planet 

I would like to participate in this course again but to be present if
possible because I think that for the study of this kind of trade, 
hands-on work is very important. 

I have found an area that at the
moment is beyond me but really
interests me. Because during this
course I was able to understand
that it is not only gamma rays
and uv rays from the sun that
reach the earth and the solar 
system in general. 

I’m Ebaba freddy ange Jonathan, From the 
scientific high school E. curiel. 

Liceo Scientifico „Curiel“, Padova, Italy
with INFN Padova – OCRA project 

What's your take-home message?

What have you done? What did you find out?

Who are you?

International Cosmic Day 2020
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Liceo Jacopo da Ponte, Bassano del Grappa, Italy
with INFN Padova – OCRA project 

What's your take-home message?

What have you done? What did you find out?

Who are you?

Class 5ES

Hi! We are the class 5ES of the “Jacopo Da Ponte” high school from Bassano del Grappa. We are 18 young mathematics
and physics enthusiasts; we took part in this conference following a proposal from our Physics’ teacher, Stefania
Lippiello, to broaden our knowledge and understand how what we do at school has direct repercussions on reality and is
not restricted to merely didactic purposes.

The International Cosmic Day (ICD) focuses
on the cosmic rays, which surround us all the
time, but are always unnoticed. Thus, the aim
of this special day is to get to know them
better and discover what secrets they bring
from the universe.

After a theoretical introduction made by
some physicists and scientists who work and
teach directly at the INFN, we applied a
similar technique to the one used in large-
scale scientific experiments and we
measured the cosmic rays: through a specific
app, in fact, we were able to connect our
mobile phones to the research centre, which
was simultaneously sending us the datas.

Since our class measured the rays with an 
angle of 90°, we were not able to capture 
many of them. That is because the closer to 
the Zenith we are, the less rays there are.

As a result of this Ray Cosmic Day we brought home new knowledge and lots of enthusiasm. Probably only a few of us
will continue to study these subjects but we will never forget this experience. Furthermore we understood how science
works: it is a constant comparison and sharing between scientists about their discoveries. In fact, science can move
forward only in this way, that is why most science centers are around the world, like CERN in Geneva and the National
Laboratory of Gran Sasso.
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Liceo Jacopo da Ponte, Bassano del Grappa, Italy
with INFN Padova – OCRA project 

What's your take-home message?

What have you done? What did you find out?

Who are you?

Class 4BS

We are the students of class 4BS at Liceo Scientifico Jacopo da Ponte, in Bassano del Grappa, Veneto, Italy.
Our school enables us to focus on scientific subjects and their applications and to improve our knowledge in these fields.

We have participated in two lectures.
The first one was organized on 29th October by
the National Institute of Nuclear Physics - Padova
Division. We were introduced to some theoretical
notions that allowed us to better understand the
second lecture given on the International Cosmic
Day, on 4th November. On that day, we had the
opportunity to connect with the LNGS
laboratories (National Laboratories of Gran
Sasso). We went on a virtual tour of the
laboratories and we got to know the main
experiments they are working on. However, the
lecture was not just theoretical, as we actively
participated in the cosmic rays measurements.
We downloaded an app, connected to the
Cosmic Rays Cube, that visualized the incoming
cosmic rays from different angles in real time.
Each measurement session lasted 100 seconds
and we were able to see the number of tracks on
the app. Then, the data we collected was
analysed and processed mathematically.

According to the data we collected, we were able to
obtain a graphic that describes the particles’ flux as a
function of the exposure angles. We found out a
difference in flux between the particles coming from
west and those coming from east, due to the action of
the Earth’s magnetic field and the different angle of
incidence of the particles. Once the particles hit the
terrestrial atmosphere, they turn out into particle falls,
named showers. At the Equator the particles hit the
Earth’s surface parallel to it, whereas they are
perpendicular to it at the Poles. Since cosmic rays’ flux
related to the particles’ energy is described by a power
law, the rate decreases as the energy increases.
Furthermore, only the particles that have a low amount
of energy and an electric charge can be diverted from
the magnetic field.
Observing the graphic, we can see two lines of best fit,
one for the east flux and one for the west flux. These
two lines have a common point at angle=0, which
corresponds to the maximum value. If the angle
increases, the flux decreases.
The function that best describes this phenomenon is the
square cosine, because the maximum value corresponds
to angle=0 and it guarantees a positive output.

This experience made us discover cosmic rays, an unknown topic for us up to then. The experiment has certainly contributed to
broadening our horizons and it has helped us find a target for our post-high school studies. Moreover, it has made us aware of the
scientists’ working method and of the importance of research as a primary link between people from all over the world. Indeed,
scientific education has been fundamental for us to increase interest in astronomy. The skills that are needed in this project engage
many other disciplines; therefore, this proves that all the subjects we study are closely connected to each other.
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We recreated the functioning of 
the CRC (Cosmic Ray Cube) and 
the trajectory of the muons. 

Through Excel, we had to:
- take the hexadecimal digits
apart;
- find the excited scintillators;
- find the linear regression;
- find the trajectory of the muon.

Finally, we decided to do a 
graphical representation of the 
data collected (through the 
Geogebra software).

After the international cosmic day we have learned that there are particles such as muons and positrons 
coming from the cosmos across the earth. The study of this phenomenon can be used to identify the 
change of the density in the rock and also to improve the technology of the particle accelerators.

We tried to simulate the operation of 
the Cosmic Rays Live app. We 
started from the analysis of a set of 
data collected during the 
International Cosmic Day 2020 
event by the CRC instrument 
"Cosmic Ray Cube". It is a 
telescope of cosmic rays designed, 
realized and installed in the National 
Laboratories of Gran Sasso. In this 
way we found how you can "see" 
the rain of muons.
Muons are created thanks to the 
interaction between the particles of 
the atmosphere and cosmic rays. 

5E Liceo scientifico ind. Sportivo (Senior Year High of school specialized in Sciences 
and Sports)- Istituto Omnicomprensivo Città Sant’ Angelo (PE), Italy

,VWLWXWR�2PQLFRPSUHQVLYR�&LWWj�
6DQW¶�$QJHOR��3(���,WDO\

What's your take-home message?

What have you done? What did you find out?

Who are you?

Studying the trajectory 
of muons
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We got the chance to conduct a small 
scale experiment on cosmic rays:  
energetic particles which are produced
by a number of cosmic phenomena. We
where able, through an app, to 
measure, on average, how many muons
( particles produced by said cosmic
rays) are detected by a specialized
machine which was put at different
inclinations. By taking our
mesurements we saw that, on average, 
the amount of muons coming through
is highest when the zenith angle is
equal to 0° and the closer it gets to 90°
the lower the amount of particles is. 
We then grouped the data we got from
the experiment in a data table

The experiment was very engaging and 
allowed us to understand a lot about
cosmic rays but it also showed us how
much more there is to know and discover.

Liceo scientifico «A. Einstein», 3°A, 
Teramo, Italy.

What's your take-home message?

What have you done?

Who are you?

Cosmic Rays 

Angle 
(° )

Count
(100 s)

Count
(100 s)

Count
(100 s)

0 77 83 82

-15 78 73 64

-30 44 60 53

-45 43 42 39

-60 21 21 21

-75 15 13 16

-90 11 8 9

15 67 83 65

30 52 56 60

45 36 44 34

60 39 29 29

75 25 15 19

90 7 8 7

We are Matteo Meyer an Federico Sansonetti,we are 16 years
old. Our referent for this project is prof.ssa Marchitto.

We found out that the amount of muons
passing through depends on the local
zenith, as shown in this table

What did you find out?
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After introducing the tool to us. They
showed us how the cosmic ray entering it
then trasforms itself into an eletrical impuls.
Let’s now see the purpose if this
experiment, that is to measure how many
cosmic rays pass through the istrument
(cosmic Rays Cube) in a period of time
equal to 100 second. So we, through an
application that they made us download oh
the phone, carried out these measurements
which were then reported in a table from
which we were able to conclude that
depending on the angle of it, the number
obtained varies, decreasing as inclination
increases.

Surely from this event we will bring with us a postitive memory of a day dedicated to the
study of cosmic rays which in recent decades has led to numerous discoveries in the field of
astrophysics and which allow us to reach other discoveries in this area.

Report  on the PTCO by two student of the Albert Einstein high school in Teramo.

Liceo scientifico�Albert Einstein, 
Teramo ItaO\

What's your take-home message?

What have you done? What did you find out?

Who are you?

Alesandro De Berardis
Benedetta Galluccio

3^A

We can see from the graph that the mean of the
measurament decreases as the angle increases

GRADI 1 MISURA 2 MISURA 3 MISURA MEDIA MISURE

0 77 83 82 80,7

-15 78 73 64 71,7

-30 44 60 53 52,3

-45 43 42 39 41,3

-60 21 21 21 21

-75 15 13 16 14,7

-90 11 8 9 9,3

+15 67 83 65 71,7

+30 52 56 60 56

45 36 44 34 38

60 39 29 29 32,3

75 25 15 19 19,7

90 7 8 7 7,3
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/LFHR�6FLHQWLILFR�$��(LQVWHLQ�
7HUDPR��,WDO\

What's your take-home message?

What have you done? What did you find out?

Who are you?

Headline

It was a very interesting and engaging initiative that allowed us to expand our knowledge on cosmic rays, 
moreover the various scholars have been very willing to clarify all our doubts on the subject covered. 
Although we virtually participated in this project, we were able to fully understand this experiment.

We carried out a small experiment on cosmic 
rays: energetic particles coming from outer space 
to which the earth and celestial bodies are 
exposed. These cosmic rays collide with the 
atoms of the atmosphere creating a cascade of 
particles, including ions: particles similar to
electrons but of significantly greater mass. Their 
flow is not uniformly distributed, but changes 
according to the angle that these particles form 
with the local Zenith. We know that the number of 
muons, that is, of counts (C) in the time interval 
(T) is called rate and is the number of counts in
the unit of time, which is expressed in particles
per second. We carried out the experiment
through an application, called "Cosmic Rays
Live". The application allowed to change the
amplitude with respect to the Zenith angle, and
with the different inclinations we calculated the
number of muons with different time intervals T,
obtaining the rate with the ratio between the
counts and the time interval.

From the measurements we found the following 
values:
Angle Count Count   Count
0 77 83 82
-15 78 73 64
-30 44 60 53
-45 43 42 39
-60 21 21 21
-75 15 13 16
-90 11 8 9
15 67 83 65
30 52 56 60
45 36 44 34 
60 39 29 29 
75 25 15 19
90 7 8 7

Thanks to this experiment, we understood that 
the muon flux continuously decreases as the 
angle between the direction of incidence and the 
zenith increases. Therefore the maximum flow 
occurs for alpha = 0 °, while the minimum flow 
occurs for alpha = 90 °.

We are Francesca Canale and Anna Gioia Marcozzi, we are 16 years old and we are students at 
the Liceo Scientifico Einstein, in Teramo. The referent of our project is Mrs Marchitto.
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What's your take-home message?

What have you done? What did you find out?

Who are you?

LICEO SCIENTIFICO ALBERT EINSTEIN  V°F, TERAMO

During the International 
Cosmic Day 2020, we have
studied cosmic rays with

experts, through the Cosmic
Rays Cube.

We have measured the 
passage of the muons, through
the three different levels of the 

Cube.

/LFHR�6FLHQWLILFR,�$��(LQVWHLQ 
7HUDPR��,WDO\

Headline

We found out that muon’s flux
changes depending on the 

Cosmic Rays Cube’s inclination. 
We have seen the maximum

level of the muon’s flux is at 0°, 
while the minimum level is at 
90°, so we have observed the 

decrease of the rate of the 
muons with the increase of the 

angle.

We have learnt the importance of cosmic rays because they give us
information about the space that surrounds us.
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ƎǓƎǍʹǬƽǬܸƎǓƣܸƝǙǒǦƎǩƽǬǙǓܸǙƳܸǬǙǒƧܸƣƎǳƎܸǙƜǳƎƽǓƧƣܸƳǩǙǒܸƎǓܸ
ƽǓǳƧǩƧǬǳƽǓƴܸƧͳǦƧǩƽǒƧǓǳܸǙǓܸƝǙǬǒƽƝܸǩƎʹǬ۱ܸƽǓܸǦƎǩǳƽƝǶǍƎǩܸۤͮƧܸǒƎƣƧܸ
ͭƎǩƽǙǶǬܸǒƧƎǬǶǩƧǒƧǓǳǬܸǙƳܸǳƺƧܸBǶǙǓǬܸƎǬܸƎܸƳǶǓƝǳƽǙǓܸǙƳܸǳƺƧܸ~ƧǓƽǳƺܸ
ƎǓƴǍƧܸ۫=Ƨǳ۰ǬܸǓǙܸͮǦǩǙƝƧƧƣܸǳǙܸƎܸƜǩƽƧƳܸƝƺǩǙǓǙǍǙƴƽƝƎǍܸǩƧƝǙǓǬǳǩǶƝǳƽǙǓܸ
ǙƳܸͮƺƎǳܸƺƎǦǦƧǓƧƣܸƣǶǩƽǓƴܸǳƺƽǬܸǬǦƧƝƽƎǍܸƣƎʹܸƣƧƣƽƝƎǳƧƣܸǳǙܸǳƺƧܸ
ǬƧƝǩƧǳǬܸǙƳܸǳƺƧܸǶǓƽͭƧǩǬƧܸƽǓܸͮƺƽƝƺܸͮƧܸƎǩƧܸƽǒǒƧǩǬƧƣ۫۫۫
bƺƧܸƜǩǙƎƣƝƎǬǳܸǙǦƧǓƧƣܸͮƽǳƺܸͮƎǩǒܸƽǓƽǳƽƎǍܸƴǩƧƧǳƽǓƴǬܸƎƣƣǩƧǬǬƧƣܸǳǙܸ
ǳƺƧܸ�ƽǩƧƝǳǙǩܸǙƳܸ=C%[ܸۤ�ƽǙܸUǩƧͭƽǳƎǍƽܸۤƎǓƣܸǳǙܸǳƺƧܸXƧƝǳǙǩܸǙƳܸǳƺƧܸ
%[[/ܸۤ�ǶƴƧǓƽǙܸ�ǙƝƝƽƎܸ۫=ƎǳƧǩܸۤUǩǙƳƧǬǬǙǩܸ/ͭƎǓܸ�ƧܸBƽǳǩƽܸ
ƧǓǳƺǶǬƽƎǬǳƽƝƎǍǍʹܸƽǓǳǩǙƣǶƝƧƣܸǶǬܸǳǙܸǳƺƧܸǒʹǬǳƧǩƽǙǶǬܸƎǓƣܸƳƎǬƝƽǓƎǳƽǓƴܸ
ǦƺʹǬƽƝǬܸǙƳܸ�ǙǬǒƽƝܸXƎʹǬ۫
�ǳܸǳƺƧܸƧǓƣܸǙƳܸǳƺƧܸƽǓǳƧǩƧǬǳƽǓƴܸǦǩƧǬƧǓǳƎǳƽǙǓܸۤͮƽǳƺܸǳƺƧܸǬǶǦǦǙǩǳܸǙƳܸ
ǳƺƧܸ�ǙǬǒƽƝXƎʹǬ=ƽͭƧܸ�UUܸƎǓƣܸǳƺƧܸǬǶǦƧǩͭƽǬƽǙǓܸǙƳܸ�ǳǳƎǓƎǬƽǙܸ
�ƎǓƣƧǍƎܸƎǓƣܸBƎǬǬƽǒƽǍƽƎǓǙܸ�Ƨܸ�ƧǙܸۤͮƧܸǳǩƽƧƣܸǳǙܸǒƧƎǬǶǩƧܸǳƺƧܸΠǙܸͮ
ǙƳܸƎǳǒǙǬǦƺƧǩƽƝܸBǶǙǓǬܸƎǬܸƎܸƳǶǓƝǳƽǙǓܸǙƳܸǳƺƧܸ~ƧǓƽǳƺܸƎǓƴǍƧܸͮƧܸ
ͮƧǩƧܸǳƎǍǋƽǓƴܸƎƜǙǶǳܸƧƎǩǍƽƧǩܸ۫/ǳܸͮƎǬܸǬǙܸǳƺǩƽǍǍƽǓƴۦ
�ƳǳƧǩܸƺƎͭƽǓƴܸΟǓƽǬƺƧƣܸǳƺƧܸͭƎǩƽǙǶǬܸǒƧƎǬǶǩƧǒƧǓǳǬܸۤͮƧܸͭƧǓǳǶǩƧƣܸ
ƽǓǳǙܸǳƺƧܸǓƽƝƧܸƝƺƎǍǍƧǓƴƧܸǙƳܸǳƺƧܸۯ<ƎƺǙǙǳܸͮۯƽǳƺܸǳƺƧܸǒƧƣƽƎǳƽǙǓܸǙƳܸ
�ǩܸ۫�ǍƽǬƎƜƧǳǳƎܸ�ƽǬǬƎǍƣƽ۫
bǙܸƧǓƣܸǳƺƧܸƣƎʹܸƳǙǍǍǙͮƽǓƴܸǳƺƧܸ=ƎǳƽǓܸͮƎʹܸǳǙܸǳƧǍǍܸܨƣǶǍƝƽǬܸƽǓܸƳǶǓƣǙܸۤܩ
ͮƧܸǬǳƎǩǳƧƣܸƎܸƝǙǓǓƧƝǳƽǙǓܸƜƧǳͮƧƧǓܸǳƺƧܸͮƎǩǒܸ�ƎǓƎǩʹܸ/ǬǍƎǓƣǬܸͮƽǳƺܸ
ƣǩܸ۫qƽƝǳǙǩܸ�ƝƝƽƎǩƽ۫

�ǍǳƺǙǶƴƺܸƎǳܸǳƽǒƧǬܸƽǳܸǒƎʹܸǬƧƧǒܸƎǓܸƽǒǒƧǓǬƧܸƧͳǦƎǓǬƧܸǙƳܸǒʹǬǳƧǩƽƧǬܸƎǓƣܸǬƧƝǩƧǳǬܸۤƎǓƣܸƣƧǬǦƽǳƧܸǳƺƧܸǬƧǓǬƎǳƽǙǓܸǙƳܸǬǒƎǍǍǓƧǬǬܸƎǓƣܸƽǓƝƎǦƎƝƽǳʹܸǦƧǩͭƎƣƽǓƴܸǶǬܸͮƽǳƺܸ
ǩƧǬǦƧƝǳܸǳǙܸǳƺƧܸǦǩǙƳǙǶǓƣܸǶǓƣƧǩǬǳƎǓƣƽǓƴܸǙƳܸǳƺƧܸǶǓƳƎǳƺǙǒƎƜǍƧܸͮǙǓƣƧǩǬܸǙƳܸǳƺƧܸǶǓƽͭƧǩǬƧܸۤǳƺƧܸƝƧǍƧǬǳƽƎǍܸǒƎǩƧܸǒƎƴǓǶǒܸۤǳƺƎǓǋǬܸǳǙܸǳƺƽǬܸͭƧǩʹܸƽǓǳƧǩƧǬǳƽǓƴܸ
ƧͳǦƧǩƽƧǓƝƧܸۤǬƧƧǒƧƣܸǳǙܸǶǬܸǍƧǬǬܸƣƎǩǋۣܸǳƺƎǳܸƽǬܸۤͮƧܸͮƧǩƧܸƎƜǍƧܸǳǙܸƴƧǳܸǳǙܸǋǓǙܸͮƎǳܸǍƧƎǬǳܸǙǓƧܸǙƳܸǳƺƧܸǒƎǓʹܸǬǒƎǍǍܸǦƽƧƝƧǬܸǳƺƎǳܸǒƎǋƧܸƽǳܸǶǦܸƜƧǳǳƧǩ۫
sƧܸƽƣƧǓǳƽΟƧƣܸǙǶǩǬƧǍͭƧǬܸƽǓܸǳƺƧܸǩǙǍƧܸǙƳܸǩƧƎǍܸƧͳǦƧǩǳǬܸۤǳƎǋƽǓƴܸƝǙǶǓǳǍƧǬǬܸǒƧƎǬǶǩƧǒƧǓǳǬܸۤͮǩƽǳƽǓƴܸǳƺƧǒܸƣǙͮǓܸƎǓƣܸǬǳǶƣʹƽǓƴܸǳƺƧǒܸ۫CǙܸǙǓƧܸƺƎǬܸǒƎǓƎƴƧƣܸǳǙܸ
ͮƽǓܸǳƺƧܸƧǓǙǩǒǙǶǬܸƝǶǩƽǙǬƽǳʹܸǳƺƎǳܸǳƺƽǬܸƝǙǓƳƧǩƧǓƝƧܸƎǩǙǶǬƧƣܸƽǓܸǶǬ۫
UǩƧƝƽǬƧǍʹܸǳƺǩǙǶƴƺܸǳƺƧܸǬǶƜǬƧǨǶƧǓǳܸƝǩƧƎǳƽǙǓܸǙƳܸǦǙͮƧǩܸǦǙƽǓǳǬܸǩƧǍƎǳƽǓƴܸǳǙܸǳƺƧǬƧܸǳǙǦƽƝǬܸۤͮƧܸͮƧǩƧܸƎƜǍƧܸǳǙܸۯǬǳƎƴƧܸۯǙǶǩܸǋǓǙͮǍƧƣƴƧܸۤǳǙܸƣƧƧǦƧǓܸƎǓƣܸǩƧΟǓƧܸƽǳܸ۫sƧܸ
ǳƺƧǩƧƳǙǩƧܸƜƧǍƽƧͭƧܸǳƺƎǳܸͮƧܸƺƎͭƧܸƴƎƽǓƧƣܸƎǓܸƽǒǦǙǩǳƎǓǳܸͮƧƎǍǳƺܸǙƳܸƽǓƳǙǩǒƎǳƽǙǓܸƳǙǩܸǙǶǩܸƳǶǳǶǩƧ۫

�ƎǬƧƣܸǙǓܸǳƺƧܸƽǓƳǙǩǒƎǳƽǙǓܸǍƧƎǩǓƧƣܸƣǶǩƽǓƴܸǳƺƧܸ
ƝǙǓƳƧǩƧǓƝƧܸۤƧǓǩƽƝƺƧƣܸƜʹܸǶǬܸǳƺǩǙǶƴƺܸƣƧǳƎƽǍƧƣܸ
ƽǓǬƽƴƺǳǬܸǙǓܸǳƺƧܸƽǓǳƧǩǓƧǳܸۤͮƧܸƝǩƧƎǳƧƣܸƎܸUǙͮƧǩUǙƽǓǳܸ
ǦǩƧǬƧǓǳƎǳƽǙǓܸۤƣƧƝǍƽǓƧƣܸƎǬܸƳǙǍǍǙͮǬۣܸΟǩǬǳܸǙƳܸƎǍǍܸۤǳƺƧܸ
ƧͭƧǓǳܸͮƎǬܸƽǓǳǩǙƣǶƝƧƣܸƜʹܸƣƧǬƝǩƽƜƽǓƴܸƽǳܸƜǩƽƧΠʹ۫ ܸbƺƽǬܸ
ͮƎǬܸƳǙǍǍǙͮƧƣܸƜʹܸǳƺƧܸƣƽǬƝǶǬǬƽǙǓܸǙƳܸƝǙǬǒƽƝܸ
ǦƎǩǳƽƝǍƧǬܸۤǦǩƽǒƎǩʹܸƎǓƣܸǬƧƝǙǓƣƎǩʹۤ ܸƝǙǒƽǓƴܸƳǩǙǒܸ
ǙǶǳǬƽƣƧܸۤǳǙܸͮƺƽƝƺܸƎǍǍܸƝƧǍƧǬǳƽƎǍܸƜǙƣƽƧǬܸƎǩƧܸƧͳǦǙǬƧƣܸ۫
bƺƧǓܸͮƧܸǳƎǍǋƧƣܸƎƜǙǶǳܸǳƺƧܸƝƺƎǩƎƝǳƧǩƽǬǳƽƝǬܸǙƳܸǳƺƧܸ
ǒǙǳƽǙǓܸǙƳܸǦƎǩǳƽƝǍƧǬܸۤƺǙܸͮǳǙܸƝƎǍƝǶǍƎǳƧܸǳƺƧǒܸ۫sƧܸ
ƎǍǬǙܸƽǍǍǶǬǳǩƎǳƧƣܸǳƺƧܸƽǓƳǙǩǒƎǳƽǙǓܸƝǙǓͭƧʹƧƣܸƜʹܸ
ƝǙǬǒƽƝܸǩƎʹǬܸƎǓƣܸǳƺƧܸƽǓǓǙͭƎǳƽǙǓǬܸǳƺƧʹܸƜǩǙǶƴƺǳܸ
ƽǓǳǙܸǳƺƧܸͮǙǩǍƣܸǙƳܸǬƝƽƧǓƝƧܸ۫$ƽǓƎǍǍʹܸͮƧܸƝƎǍƝǶǍƎǳƧƣܸ
ǳƺƧܸǒǶǙǓܸΠǶͳܸƎǬܸƎܸƳǶǓƝǳƽǙǓܸǙƳܸǳƺƧܸ~ƧǓƽǳƺܸƎǓƴǍƧܸ
ͮƺƽƝƺܸǩƎǓƴƧƣܸƳǩǙǒܸܸߞܸؽنܜǳǙܸߞܸؽن

%ƎƽƎܸ�ƽܸbǙǒǒƎǬǙܸۤUƽƧǳǩǙܸXƎǶǍܸXƧƝƝƺƽƎܸۤ:ƎƝǙǦǙܸ�ƽܸ[ƎͭƧǩƽǙܸۤCƽƝǙǍǞܸCǙƝƧǍǍƽܸۤ=ǶƝƎܸ�ƽǒƽǓƽܸۤ
UƽƧǩǙܸ�ƽܸ�ƧǓǳƎ

/LFHR�6FLHQWLILFR�$��(LQVWHLQ�
7HUDPR��,WDO\

:KDW
V�\RXU�WDNH�KRPH�PHVVDJH"

:KDW�KDYH�\RX�GRQH" :KDW�GLG�\RX�ILQG�RXW"

:KR�DUH�\RX"

+HDGOLQH
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This experience has been a personal cultural growth for everyone and I would 
recommend it to everyone who does scientific material

We are students of the institute Albert Einstein 
who participated to this special day. Andre Lupinetti, Sara Brinzei, 
Nicole Di Gregorio e Leandro Vasquez

Liceo Scientifico Albert Einstein,Italy 
Country

What's your take-home message?

What have you done? What did you find out?

Who are you?

From the Cosmo to the Gran Sasso Laboratory

On the mornig of 4 november we had 
the honour of joining a relevant 
cultural day  called ICD. At first, 
professors of the Uiversity of L'Aquila 
explained us the discovery of cosmic 
rays .almost 100 years ago Marie Curie 
discovered the radiation of a few 
elements coming from the universe .      
Thanks to other scientists it was 
discovered that particles coming from 
cosmos arrive to earth in groups. In 
fact, cosmic    particles  are nuclei of 
atoms which in contact with nuclei of 
particles of earth's atmosphere 
become secondary particles. We can 
study them with the AUGER, MACRO, 
DAMPE projects.

After having presented us this detector 
which is located under the Gran Sasso 
we made some measurements and 
calculated how many particles arrived 
the detector in 100 s. compared to how 
we positioned the telescope according 
to the zenith angle. The data obtained 
there we put it on a table and then 
transcribed at a diagram on which we 
can see that the west and the east are 
very similar but not symmetrical given 
the terrestrial magnetism. We note in 
particular that at angle 0 we have 
detected the largest number of particles 
as they particularly reach the detector, 
In fact, because the angle increases, the 
number of particles passing through the 
telescope decreases
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/LFHR�6FLHQWLILFR�$��(LQVWHLQ�
7HUDPR��,WDO\

:KDW
V�\RXU�WDNH�KRPH�PHVVDJH"

:KDW�KDYH�\RX�GRQH" :KDW�GLG�\RX�ILQG�RXW"

:KR�DUH�\RX"

+HDGOLQH

,�DP�7RPPDVR�&KLDYRQL�RI�WKH��$�RI�WKH�$OEHUW�(LQVWHLQ�VFLHQWLILF�
KLJK�VFKRRO�LQ�WKH�SURYLQFH�RI�7HUDPR�

,�DQDO\]HG�ZKDW�FRVPLF�UD\V�DUH��
WKH\�DUH�SDUWLFOHV�RI�HQHUJ\�WKDW�
DUH�SURGXFHG�LQ�WKH�XSSHU�
DWPRVSKHUH�PDLQO\�E\�SURWRQV�
IURP�RXWHU�VSDFH��:H�PDGH�
VHYHUDO�PHDVXUHPHQWV�XVLQJ�WKH�
PRELOH�DSSOLFDWLRQ��&RVPLF�UD\V�
/LYH���D�FXELF�VKDSHG�LQVWUXPHQW�
FDSDEOH�RI�PHDVXULQJ�FRVPLF�UD\V��
&RVPLF�UD\�GHWHFWRUV�DUH�GHSOR\HG�
RQ�WKH�*UDQ�6DVVR�LQ�$EUX]]R���,�
DOVR�DWWHQGHG�D�OHFWXUH�E\�D�
SURIHVVRU��ZKR�H[SODLQHG�WKH�
FRUUHODWLRQ�EHWZHHQ�WKH�DYHUDJH�
QXPEHU�RI�FRVPLF�UD\V�DQG�WKHLU�
DQJOH��)LQDOO\�,�SDUWLFLSDWHG�LQ�WKH�
ILQDO�TXL]�DERXW�FRVPLF�UD\V�

:H�PDGH���PHDVXUHPHQWV�IRU�HDFK�
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D�WRWDO�RI����DQJOHV��,�KDYH�UHSRUWHG�
VRPH�PHDVXUHPHQWV�LQ�WKLV�WDEOH
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, QRWLFHG�WKDW�WKH�FORVHU�WKH�DQJOH�LV�WR���WKH�PRUH�

IUHTXHQW�FRVPLF�UD\V�DUH�2Q�WKH�FRQWUDU\��WKH�FORVHU�
WKH�DQJOH�LV�WR���������������WKH�IUHTXHQF\�LV�ORZHU

,�WKLQN�WKLV�PRUQLQJ�KDV�EHHQ�YHU\�LQWHUHVWLQJ�7KH�IDFW�RI�KDYLQJ�WR�ILQG�WKH�GDWD�
RXUVHOYHV�DQG�KDYLQJ�WR�FDUU\�RXW�WKH�PHDVXUHPHQWV�PDGH�XV�PRUH�SDVVLRQDWH�
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DQG�QRW�EHKLQG�D�VFUHHQ��EXW�GHVSLWH�WKLV�,�IHHO�VDWLVILHG�ZLWK�WKLV�PHHWLQJ�
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Gramenzi Martina, Pompizii Alice,
Marchitto Emilia

Scientific High School "A.Einstein" , Italy

What's your take-home message?

What have you done?

What did you find out?Who are you?

Headline

We are Gramenzi Martina and Pompizii Alice, two students 
of Scientific High School “A.Einstein” of Teramo.

On 4th November, we took part to a videoconference 
about a project called “International Cosmic Day", 
The professors, before carrying out the experiment, 
explained us what cosmic rays are and how they work 
(they are electrically charged particles made mainly of 
protons and helium nuclei.)
The professor also explained that cosmic rays don’t reach 
the Earth's surface, because they collide with atoms in 
the atmosphere creating secondary particles,
including muons (their flux on the ground isn’t uniformly 
distributed) . To measure them, we used a tool called 
"detector". The one that we used in this experience is 
the CosmicRayCube, formed by 4 planes of revelation, 
placed in coincidence.
If we analyze the directions of arrival of these particles as 
a function of the angle they form with the local zenith, 
we obtain  the maximum flow at ɽ�с�Ϭ�° and the 
ŵŝŶŝŵƵŵ�Ăƚ�ϵϬ�°.
We participated in the experiment downloading an 

application (called Cosmic Rays Live) and at the end of 
the experiment, 13 measurements had to be made with 
ϭϯ�ĚŝĨĨĞƌĞŶƚ�ĂŶŐůĞƐ�ŽĨ�ƚŚĞ�ǌĞŶŝƚŚ�ĂŶŐůĞ�;ĨƌŽŵ�Ϭ�ƚŽ�ϵϬ�° and 
ĨƌŽŵ�Ϭ�ƚŽ�-ϵϬ�°). For each different angle we had to take 
ϯ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ�ϭϬϬ�ƐĞĐŽŶĚƐ�ĞĂĐŚ.

We found this experience very interesting, the 
explanations were clear despite complex arguments. We 
liked very much that we were able to participate in the 
experiment instead of just being spectators. In fact, we 
think that to understand a topic you need to experience it 
firsthand.

Angle
grades

Count
100 s

Count
100s 

Count
100s 

0 77 83 82

-15 78 73 64

-30 44 ϲϬ 53

-45 43 42 39

-60 21 21 21

-75 15 13 16

-90 11 8 9

15 67 83 65

30 52 56 ϲϬ

45 36 44 34

60 39 29 29

75 25 15 19

90 7 8 7

During the experiment 
we obtained the values 
ലലŽĨ�ƚŚŝƐ�ƚĂďůĞ͕�and we can
ƐĞĞ�ƚŚĂƚ�Ăƚ�ϵϬ�° we have 
the minimum value and 
Ăƚ�Ϭ�ƚŚĞ�maximum, as 
mentioned previously.

Cosmic ray cube:
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Aurora Di Donato, Francesca Di Sabatino,  
Emilia Marchitto 

Liceo Scientifico “A. Einstein”- Teramo - Italy

What's your take-home message?

What have you done? What did you find out?

Who are you?

MEASUREMENT OF    
COSMIC RAYS AS A 

FUNCTION OF ANGLE

on the youtube channel of the Gran Sasso Science Institute (GSSI).

We are two students of the liceo A. Einstein in Teramo, Abruzzo. Thanks to our
professor, we partecipated in the “International Cosmic Day” conference, live

Through the data, we understood that muon flux decreases as 
angle α increases and is maximum with α= 0 ° and minimum 

with α= 90 °.  

Although the current situation forced us to 
follow the conference from home, the activity 
carried out was very interesting, as it gave us the 
opportunity to understand the behavior of 
cosmic rays, through the measurements made 
with the app and the exhaustive explanations of 
the Professors. The final quiz was also very fun, 
in which we had the opportunity to compare 
ourselves with other guys on what we learned.

During this process 
we had to consider a 
statistical error on the 
vertical axis (which 
can also occur on the 
horizontal axis), due 
to a possible 
inaccuracy in the 
angle measurement.   

ra
te

 (h
z)

angle (°) 

the rate  (r) is 
the average of 
the  counts 
made divided  
the time 
interval,  in our 
case 100 s.  

The graph therefore confirmed the decreasing 
trend of the muon flux as the angle α increases. 

Once connected, the experts first made an 
introduction on cosmic rays and then 
showed us an experiment, aimed at studying 
the angular distribution of them, using the 
muon telescope.  
The cosmic rays, discovered in 1912, are 
extremely small particles and high-energy 
nuclei, which move at almost the speed of 
light and hit the Earth's surface from every 
direction.  
After this explanation we started taking 
measurements, taking into account different 
angles, through the "Cosmic Rays Live" 
application. So, we took three different 
measurements, in 100 s, for each different 
angle of the muon telescope, with respect to 
the zenith (the point that ideally connects the 
celestial vault and the terrestrial plane) 
averaged them and found the rate. 
N.B. We took the measurements by pointing 
the telescope in two different directions: first 
to the West (negative direction, A24 
motorway), then to the East (positive 
direction, Campo Imperatore cable car).
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$[�"]pIZDIg�Å��ÃÁÃÁ�qI�]DhIgpIG�jPI�E]hZQE�g<sh�
Ng]Z�jPI��g<[�/<hh]�"<jQ][<Y� <D]g<j]gQIh���1hQ[O�<�
E]hZQE�g<s�jIYIhE]dI�qI�E<YEkY<jIG�jPI�Q[EYQ[<jQ][�]N�
jPI�g<sh�
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ZI<hkg<DYI�
��kj�NQghj�jPIs�IrdY<Q[IG�j]�kh�jPI��[jIg[<jQ][<Y�]hZQE�
�<s�dg]WIEj�<[G�jPg]kOP�<�dgIhI[j<jQ][�jPIs�
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khIG�N]g�jPI�ZI<hkgIZI[j�

�j�q<h�<�q][GIgNkY�IrdIgQI[EI�DIE<khI�Q[�][I�G<s�qI�qIgI�<DYI�j]�DIE]ZI�
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[]j�Ds�Z<XQ[O�ZI�D]gIG�Dkj�Ds�Z<XQ[O�ZI�NIIY�d<gj�]N�jPI�]gO<[Qv<jQ][�

��<Z� kEgIvQ<��I��]ZQ[QEQh�<[G���<jjI[G�jPI�ÄgG���]N�jPI��YDIgj��Q[hjIQ[�/EQI[jQNQE��QOP�
/EP]]Y�����<jjI[GIG�jPI�E][NIgI[EI�jP<[Xh�j]�Zs�dPshQEh�dg]NIhh]g��ZQYQ<�!<gEPQjj]�

:KDW
V�\RXU�WDNH�KRPH�PHVVDJH"

:KDW�KDYH�\RX�GRQH" :KDW�GLG�\RX�ILQG�RXW"

:KR�DUH�\RX"

+HDGOLQH

/LFHR�6FLHQWLILFR�$OEHUW�(LQVWHLQ��7HUDPR�

ÁÞÉÁ�������������ÂÆÞ�ÈÃ������ÄÁÞÆÃ�����������ÅÆÞÅÂ
�ÇÁÞÃÂ����������ÈÆÞÂÆ��������ÊÁÞÊ�����������ÂÆÞÈÃ
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ÊÁÞÈ
7I�j]]X�]kg�ZI<hkgIZI[jh�Ds�E<YEkY<jQ[O�jPI�
[kZDIg�]N�Zk][h�PQjjQ[O�jPI�I<gjP�]pIg�<�
EIgj<Q[�jQZI�qQjP�GQNNIgI[j�Og<G<jQ][h�
�7I�jPI[�<pIg<OIG�jPI�gIhkYjh�<[G�]DhIgpIG�
jP<j�d<Q[�hY]qYs�jPI�p<YkIh���GIEgI<hI�Ds�
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7I� N]k[G� ]kj� jP<j� Ds� Q[EgI<hQ[O� jPI�
GIOgIIh�� jPI� ZI<hkgIh� GIOgIIh�� <[G�
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7I� P<pI� DII[� GQpQGIG� Q[j]� hIpIg<Y�
g<[G]Z�Og]kdh�<[G�I<EP�]N�kh�j]]X�jPI�
ZI<hkgIZI[jh� Q[� jPI� ÂÁÁ� hIE][G� jQZI�
Ng<ZI�

�j�h� DII[� <� OgI<j� IrdIgQI[EI� DIE<khI�� N]gj� jPI� NQghj� jQZI�� qI�pI� <YY� d<gjQEQd<jIG�
E]YYIEjQpIYs�<j�jPI�E][NIgI[EI��YI<g[Q[O�[Iq�Q[jIgIhjQ[O�dPshQEh��N<EIjh�
7I�G�Y]pI�j]�G]�Qj�<O<Q[�][�<�GQNNIgI[j�j]dQE�Z<sDI��0P<[X�s]k�<YY�

�[j][Q]��I��]ZQ[QEQh�<[G�.<EPIYI�/]Y<vv]��Ng]Z�EY<hh�Ä}���]N� QEI]�
/EQI[jQNQE]�����Q[hjIQ[��Q[�0Ig<Z]�

/LFHR�6FLHQWLILFR�$��(LQVWHLQ��7HUDPR��,WDO\�
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V�\RXU�WDNH�KRPH�PHVVDJH"

:KDW�KDYH�\RX�GRQH"
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,QWHUQDWLRQDO�&RVPLF�'D\������
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'XULQJ�WKH�LQWHUQDWLRQDO�FRVPLF�GD\��WKURXJK�D�OLYH�<RX7XEH��
ZH�KDG�WKH�RSSRUWXQLW\�WR�OHDUQ�DERXW�WKH�H[LVWHQFH�RI�WKH�
UDGLDWLRQV�RI�WKH�FRVPRV�WKDW�DIIHFW�WKH�HDUWK
V�DWPRVSKHUH��
FRVPLF�UD\V��7KHLU�SK\VLFV�ZDV�LQWURGXFHG�WR�XV�E\�SURIHVVRU�

,YDQ�'H�0LWUL�RI�WKH�*66,��*UDQ�VDVVR�VFLHQFH�LQVWLWXWH��
WRJHWKHU�ZLWK�WKHLU�FRPSRVLWLRQ�DQG�WKHLU�SRVVLEOH�RULJLQ��

7KH\�FDQ�EH�GHILQHG�DV�KLJK�HQHUJ\�SURWRQ�SDUWLFOHV�ZKLFK�
DUH�RI�H[WUD�JDODFWLF�RULJLQ��ZKHQ�WKH\�UHDFK�WKH�DWPRVSKHUH��
LQWHUDFWLQJ�ZLWK�QLWURJHQ��WKH\�JLYH�OLIH�WR�VHFRQGDU\�SDUWLFOHV��
7KH\�ZHUH�GLVFRYHUHG�E\�9LFWRU�+HVV�DQG�WKH�2FUD�SURMHFW��
ZKRVH�VSRNHVSHUVRQV�ZHUH�6DELQH�+HPPHU�DQG�&DUOD�

$UDPL�RI�,1)1��VHHNV�WR�GLVVHPLQDWH�LQIRUPDWLRQ�RQ�FRVPLF�
UD\V�QDWLRQZLGH�WKURXJK�PXOWLSOH�DFWLYLWLHV�VXFK�DV�WKH�,&'��
7KH�LQLWLDWLYH��WDNHQ�LQWR�FRQVLGHUDWLRQ�E\�VFKRROV��SURSRVHV�
WKH�DQJXODU�PHDVXUHPHQW�RI�WKH�IORZ�RI�SDUWLFOHV�RI�UD\V�ZLWK�

WKH�KHOS�RI�WKH�&RVPLF5D\V/LYH�$SS��XVHG�OLYH�E\�WKH�
VWXGHQWV�WRJHWKHU�ZLWK�WKH�SURIHVVRU�$WWDQDVLR�&DQGHOD�RI�WKH�
/1*6�DQG�WKH�KRVW�*LXOLDQD�*DODWL�RI�WKH�,1)1��7R�FDUU\�
WKHP�RXW��ZH�XVHG�WKH�&RVPLF�5D\�&XEH��D�WHOHVFRSH�
HTXLSSHG�ZLWK�D�SODVWLF�VFLQWLOODWRU��SDUWLFXODU�ILEHUV�DQG�D�

6L30��VSHFLDOL]HG�LQ�SKRWRQ�FRXQWLQJ���ZKLFK�FRXOG�EH�JLYHQ�
D�GLIIHUHQW�LQFOLQDWLRQ�IURP�PHDVXUH�WR�PHDVXUH���$IWHU�

DQDO\]LQJ�WKH�GDWD��ZH�WRRN�D�TXL]�GHGLFDWHG�WR�WKLV�GD\�RQ�
WKH�NDKRRW�ZHEVLWH�HGLWHG�E\�(OLVDEHWWD�%LVVDOGL�RI�,1)1�

$IWHU�FDUU\LQJ�RXW�WKH�H[SHULPHQW��ZH�KDYH�QRWLFHG��DQDO\]LQJ�WKH�GDWD��WKDW�DV�WKH�LQFOLQDWLRQ�DVVXPHG�
E\�WKH�FRVPLF�UD\�FXEH�YDULHV��WKH�IORZ�RI�FRVPLF�UD\V�YDULHV�WKH\�IORZ�LQWR�LW��
0RUHRYHU�WKLV�H[SHULHQFH��GHVSLWH�KDYLQJ�EHHQ�FDUULHG�RXW�RQOLQH��ZDV�LQWHUHVWLQJ�DQG�HQJDJLQJ�ERWK�IRU�
WKH�WRSLFV�FRYHUHG�DQG�IRU�WKH�LQWHUYHQWLRQV�RI�WKH�VFKRODUV�
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After hearing the greetings in the first seventy-five minutes from by the director of the 
"LNGS"  (Ezio Previtari) and rector of the GSSI (Eugenio Coccia).

The professor Ivan De Mitri introduced us to the physics of cosmic rays which was 
discovered by the german physicist Victor Hess in the early twentieth century, contributions 
from the italians Rossi,Fermi,Occhialini and Conversi were also important.There were also 
collaborations between the USA and ITALY which also involved GSSI and LNGS and the 
National Laboratory of Gran Sasso.

For example, in the case of AUGER, using the fluorescience and surface detector to 
detecte: the developent of the cascade of the atmosphere particles and the measure of the 
energy of the direction.

Subsequently there was the OCRA presentation and ICD activities by Sabine Hemmer and 
Carla Aramo.

At ten past ten there was a presentation by Attanasio Candela of the Cosmic Ray Cube 
the use of CosmicRaysLive app. Indicates that we are observing these cosmic rays in the 
electronics lab of the Gran Sasso labs and we have a west view and an east view which 
overlook the 24 motorway and the Campo Imperatore cable car respectively, in order to 
observe muons or particles sent from space.

To observe them we ave to build a cosmic ray telescope, we need: different forms of 
organic plastic-type scintillators, a particular fiber to the optical one called WLS, devices 
capable of converting the light  collected by fibers into an electrical signal (photons) and a 
control board.

After the measurement we took part in a "KAHOOT" with twelve questions, the winner 
received a book.

Finally there was a connection  to the Canary Islands with Victor Acciari from the "MAGIC" 
experiments.

After this interesting experience we discovered the fascinating world of cosmic rays.

Discovering how to observe and analyze them in order to enrich our cultural background, we thank our teacher for joining this 
fantastic initiative. 
MORRIS CHIARINI AND FRANCESCO DI GIUSTINO 

After the presentation of the telescope we  

doawnload an app called "CosmicRaysLive" 

and ingroups they made us measure the flux 

of atmospheric muons as a function of angle,  

we therefore measured based on the angle  

which varied by fifteen degrees each time  

within a hundred seconds. 
For example at 0 degrees we counted 

seventy-five rays, at minus fifteen eighty etc.  
Later there were measurements by the LNGS 

and a link with the researchers of GSSI and  

UNIVAQ. 

Good afternoon, we are Morris Chiarini and Francesco Di Giustino, two students of the 
school Albert Einstein of Teramo. We are in the third year of high school ordinary address

/LFHR�6FLHQWLILFR�$��(LQVWHLQ�
7HUDPR, ,WDO\

What's your take-home message? 

What have you done? What did you find out? 

Who are you? 

Headline
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Liceo Scientifico E. Fermi – Sulmona (AQ)

What's your take-home message?

What have you done? What did you find out?

Who are you?

International 
Cosmic Rays

We are the students of the Liceo Scientifico Enrico Fermi in Sulmona, class 3D – Quadriennale. We want to show you our 
model that summarises the International Cosmic Day , an event that took place on November 4, 2020. More than 3000 
students from 68 high schools and 55 cities  met online for the International Day of Cosmic Rays. The event was 
coordinated by the Gran Sasso National Laboratories and the Gran Sasso Science Institute, in collaboration with the 
University of L'Aquila.

From the data it is clear that the flow changes as the zenith angle varies, as we can observe that as the angle increases the space that the muons must
travel increases. We must also take into account the air density, because it is not negligible relatively to the vacuum, the mountians’ influence, the
building that the detector is in, and in particular the jamming signals originating not only from cosmic rays but also from the background, so the
frequency will never be 0, not even when .

Objective of the experiment: Studying the trend of the frequency relatve of the
number of muons arriving at the LNGS external to the variation of the ZENIT
angle.

Execution of the experiment:
The detector-telescope, that is located in the external LNGS, is first in a vertical
position and then oriented towards WEST: the inclination angles are measured
starting from the vertical and with a negative sign.
It is made of special plastic scintillator bars, similar to optic fiber. When the
particle passes through Through the COSMIC RAY app, once we fixed the angle
of ZENIT, we counted the number of events every 100 s, we considered the
numerical average as the central value, and then we marked their relative
frequency on the vertical axis.

However, we must take into account the statistical fluctuations, so absolute
errors on both the horizontal data (degrees) ±1°, and the vertical ones (relative
frequencies) ±0,1 .
The graph tends to the gauss curve for . In this case the probability
that a given result can come out knowing the average M is .
The uncertainty is equal to .
At this point we ask ourselves if by turning the telescope towards the east,
therefore with positive zenith angles, we will obtain the same results: the
answer is not exactly, because they are influenced by the orientation of the
magnetic field acting through the Lorenz force, but they are approximately the
same.

On 4 November we participated in the
online meeting coordinated by the Gran
Sasso National Laboratories and the
GSSI for the International Day of Cosmic
Rays.

- Introduction to the workshops
- Experiments borexino, darkside, heart,

gerda, cresst, xenon
- Cosmic ray physics
- Neutrinos, radioactivity, muons
- Observation on cosmic rays through

the oriented telescope (scintillator)
- Watch cosmic muons from your phone

with «Cosmic Rays Live» APP
- Telescopes and connection with the

Canary Islands
- Final quiz on the KAHOOT website.
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Cosmic rays come from our galaxy as
a product of supernova explosions.
the shock wave propagates in space
accelerating cosmic rays. They are
made up of protons, neutrons,
photons and when they penetrate into
the atmosphere they break up into
other particles. The swarms that
actually come in contact with Earth's
surface are made of secondary
particles. Both scientists Hess and
Pacini concluded that the radioactivity
increases as we move away from the
Earth's surface.
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My take-home message is that there are many things that I cann still know like 
cosmic rays and I hope that science will make progress and that more money 
will be invested to build other similar laboratories. 

I learned a lot of information about 
cosmic rays and the laboratories 
where they are studied today. 

What's your take-home message?

What have you done? What did you find out?

Who are you?

Headline

I'm a 16 years old student from G. Peano Rosa (TE)

//^^�'͘�WĞĂŶŽͲ�͘�ZŽƐĂ�ŝŶ�
EĞƌĞƚŽ�;d�Ϳ͕�/ƚĂůǇ

I followed the event from 
the YouTube's live and first 
i listened to
some information about 
the National Gran Sasso 
laboratories and their 
interactionality.
Then the experts talked
about cosmic rays. Finally 
they included us to the 
measurement of cosmic 
rays angles thanks to an 
app that all the students 
had to download.
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I watched the live on the association's 
Youtube channel. There were experts 
who introduced us the subject they 
were going to deal with. After that, 
they talked about the cosmic rays and 
their effects on Earth. Overall the 
project was well organised and I 
appreciated that they involved the 
students with their app.

My take-home message is that our world is complex, but marvellous and that, 
even though a huge part of it has to be discovered yet, it is important to analyse 
phenomena and their effects.  

Thanks to this project I learned 
interesting things: what cosmic rays 
are, how was they discovered, 
experiments that were used to study 
them, their effects and instrument 
used in laboratories nowadays.  

My name is Elena Bigossi and I am a seventeen years old student from ISS G. 
Peano - C. Rosa in Nereto (TE), Italy.

,,66�*��3HDQR�&��5RVD�LQ�
1HUHWR��7(���,WDO\

What's your take-home message?

What have you done? What did you find out?

Who are you?

Headline
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What's your take-home message?

What have you done? What did you find out?

Who are you?

Headline

With	this	project	I	learned
what cosmic rays are	and	
why they are	important.
I	also appreciated them
because they are	very
particular for	me

My	take-home	message is	that	the	young people should be	more	
interested in	science,	because this	subject is	very important for	future	
progresses and	new	scientific discoveries.
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Who are you? 

What have you done? What did you find out? 

Headline 

,,66�*��3HDQR�&��5RVD�LQ�
1HUHWR��7(���,WDO\ 

I’m a 17 years old student from IISS G. Peano-C. Rosa in 
Nereto (TE) 

I attended the whole event live 
from the YouTube channel 
 of the IDN. They also asked us 
to take some measurements in 
order to collect a great amount 
of datas. 

I found out a lot about the cosmic 
 Rays as their importance or their effects. 

My take-home message is that physician should expose more their knowledge to 
the students by this kind of events. 
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What's your take-home message?

What have you done? What did you find out?

Who are you?

Headline

I	learnt the	importance of	
the	cosmic rays,	especially
what they are	and	the	
reason why they are	
analysed by	the	scientists.
I	found this	subject really
fascinating and	
interesting.

I’m	Georgiana	Chifor	a	17	years old	student	IISS G.	Peano-C.	
Rosa	in	Nereto	(TE),	in	Italy

I	followed the	IDN	on	
YouTube.
I	took part	in	the	live	for	
three entire hours.
Fistly the	members of	this	
organisation,	made	an	
introduction about	cosmic
rays and	they taught us	
how	to	use	the	app	called
“cosmic rays live”,	with	
which we	were able to	
partecipate	actively in	the	
live	taking measurements .

My	take-home	message is	that	science	is	constantly developing
and	the	young people should approached closer to	this	theme
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What's your take - home message ?

What have you done ? What did you find out?

Who  are you ?

Headline

 I’m Pa
  
olo Di M

 
a

  
rtino, a 16

 
 years ol

 
d student from IISS G. Peano – C. 

I attended the IDN via YouTube. I 
watched the whole live, in which 
the experts introduced the topic 
involving the students. I also 
helped take measurements 
through the app, so they could 
collect data.

I achieved a better knowledge 
about cosmic rays, what they 
are, what they do, what they 
are made of and where I can 
find them. I also find out how to 
make measurements. 

My take-home message is that there are a lot of things that I haven’t found out yet 
and that physicians should be more confident and work hard on their experiments 
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What's your take - home message ?

What have you done ? What did you find out?

Who  are you ?

Headline

My name is Simone Chiappini and I’m a 17 years old student from IISS G. 
Peano – C. Rosa in Nereto (TE).  

I attended the ICD from 
YouTube. I took part into the 
event from the beginning and 
watched the whole live, as the 
many experts welcomed the 
participants with a brief 
introduction and discussion 
about the various 
measurements, involving the 
students. In fact, they asked us 
to take the measurements so 
they could collect the datas.  

I got knowledge about the 
cosmic rays, in particular about 
what they are, what are their 
effects and their importance in 
particle physics.  

My take-home message is that physicists should be more confident and 
explore all the possibilities derived from cosmic rays.  
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What's your take-home message?

What have you done? What did you find out?

Who are you?

Headline

I attended the IDN from You

Tube. I took part to the event 

from the beginning to the 

end. The event began with a 

general introduction to cosmic

rays. They then explained how

to use the "CosmicRaysLive" 

app to interact with 

presenters. We then started

measuring the flow of cosmic

rays. Finally we took an 

interactive quiz called

"Kahoot!" and we said

goodbye.

I was able to learn what
cosmic rays are and what
they do despite the 
difficulty of the subject.

I'm Niko Camaioni a 17 years old student IISS G. Peano-C. 

Rosa in Nereto (TE) in Italy

The take-home message is that despite the complexity of the subject and the 

topic covered, it is right to be curious about it and inquire about it.
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What's your take-home message?

What have you done? What did you find out?

Who are you?

Headline

I am Daniele Biancucci, a student from the G.Peano-C.Rosa
scientific school in Nereto(TE) in Italy,and i am 17 years old

I found the subject very
interesting and 
charming expecially when
the engeener explained
the details about cosmic
rays..
In general the experience
was interesting and 
well arranged and there
were a lot of 
people although the period
is not the best.

I followed the ICD 
international
programme on  
the youtube channel and i 
did all the thing
that scientists and 
engeneers had said like 
doing the interactive 
activity with the app and I 
paid attention to 
everything.

Now i know that the space is very difficult to investigate and full of 
mysterious objects that makes the research about it always more 
complicated and captivating.

4AL,PEANO-ROSA 
scientific high school
NERETO(TE)
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IISS G. Peano – C. Rosa  Nereto (TE), Italy

75



,,66�*��3HDQR�±�&�5RVD��
1HUHWR��7(����,WDO\ 

What's your take-home message?

What have you done? What did you find out?

Who are you?

Headline

I’m Emanuele Rotini, a 17 years old student from IIISS G. Peano –

C.Rosa in Nereto (TE), in Italy

I found out newsworthy

informations about the 

cosmic raises. In particular i 

became aware of what they

are, what are their effects

and by which area of phisics

they are studied

I attended the ICD  the 4th 

Wednesday on YouTube. I 

took part in the whole event

and i followed all experts’ 

technical insights. There

were an introduction of the 

main theme, some specific

videos and a discussion

about the measurements

taken by the students. Infact

at the end they asked us to 

take track of the particles

that were passing trough the 

telescope, in this way they

were able to collect datas

My take-home message phisics is constantly developing and the 

scientists will soon be able to solve more and more misteries

76



Who are you? 

What have you done? What did you find out? 

Headline 

,,66�*��3HDQR���&��5RVD�LQ�
1HUHWR, ,WDO\ 

I’m a 17 years old student from IISS G. Peano-C.Rosa in Nereto(TE) in Italy. 

I was involted by my school in an importan scientif 

event to ICN on YouTube. I took part to          I find out the importance of physics and the precision 

 the event from the beginning and I wached all along  of the mesurements 

live ,as the many experts welcomed the students  

with a briefing about physics and how to make an  

affidable mesaurements.  

In fact, they asked us to take the  

measurements so they collet the informations to do. 

an experiment. 

What's your take-home message? 

My take-home message is that to be physicist today is a very difficult but it is also very rewarding especially when 
you got knowledge about the cosmic rays. 
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What's your take-home message?

What have you done? What did you find out?

Who are you?

Headline

I am Cristian Lancianese from the G.Peano-C.Rosa scientific
school in Nereto(TE) in Italy,and i am 17 years old

I found the subject very
interesting and 
charming expecially when
the engeener explained
the details about cosmic
rays..
In general the experience
was interesting and 
well arranged and there
were a lot of 
people although the period
is not the best.

I followed the ICD 
international 
programme on 
the youtube channel and i 
did all the thing
that scientists and 
engeneers had said like 
doing the interactive 
activity with the app and I 
paid attention to 
everything.

Now i know that the space is very difficult to investigate and full of 
mysterious objects that makes the research about it always more 
complicated and captivating.

4AL,PEANO-ROSA 
scientific high school
NERETO(TE)
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INFN-Napoli
Physics Department – Federico II Napoli

Photo Group of Zoom meetings

Group description

Campania ICD Group 

The group is composed by 100 students of scientific high schools from
Campania region (Italy) lead by researchers of INFN-Napoli and Physics
Department «E.Pancini» University of Napoli Federico II, involved in
«Ascuoladiastroparticelle» activities and OCRA INFN Program
(https://web.infn.it/OCRA/). Before and after the ICD day, the group met on
Zoom to introduce cosmic rays and muon measurement with «Cosmic Ray
Cube», to analyze the data and set up the booklets you find in the following
pages.

The schools involved are:
Liceo Scientifico Mangino – Pagani (SA)
Liceo Scientifico Pascal Pompei (NA)

Local Organizer:
Dr.ssa Carla Aramo
Dr.ssa Roberta Colalillo
Dr.ssa Valentina Scotti
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● The Cosmic Ray Cube (CRC), a muon counter
and tracking system similar to the dispositive
installed in the Toledo subway station of Napoli,
used by the physical researchers in LNGS to
take several measurements at different zenith
angles, from -90° to 90°.

● The Cosmic Ray Live app, available for our
smartphones, which allowed us to count,
together with the researchers in LNGS, the
number of muons per angle in 100 s. For each
zenith angle we recorded three measurements.
In the analysis, we used the mean of the three
measurements.

● A Google Sheets, shared with all of us, to
analyse the data ad verify the dependence of
the number of muons as a function of the zenith
angle.

The data analysis convinced all of us that the number of muons passing through the CRC in a taken time is
distributed, with a good agreement, as a  cos2 function of the incidence zenith angle.. 

We analysed the data in the following way:
● First, we calculated the statistical error of

each measurement. According to the Poisson 
Distribution, if N is the number of muons
passing through the CRC, the statistical error
is √N.

● Then, providing their normalization to the
interval [0,1], we calculated the mean value of
the numbers of muons,  and the mean
statistical error.

● Finally, we plotted a scatter chart, with the θ
angle values on  the X-axis and the mean
measurements N on the Y-axis, representing
the errors as error bars.

● To verify that the data are distributed
according to a cos2θ - law, we plotted in the
same plane the graph of cos2θ.

During the ICD, we were involved in an experimental activity with the physical researchers of the Gran Sasso 
National Laboratory (LNGS), in order to verify the relationship, well known in literature, between the number of
muons passing through the CRC in a taken time and the zenith angle of the muons.

Liceo Mons. B. Mangino (SA), Italy
4L- 4M

Abstract

Results

Experimental Setup Graphical evidence

International 
cosmic day

θ (deg)

Normalized counts
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Using the Cosmic Rays Live app, we want to study the relationship between the 
number of muons passing through the Cosmic Ray Cube (CRC) in a given time and their angle of 
incidence. To do that, I first took the measurements by changing the angle of the CRC; using these
measurements, I realized a graph to show that the number of muons is directly proportional to the 
square cosinus of the incidence angle. I then wrote a script to calculate the incidence angle per each

muon given the data from the app.

Liceo Statale Ernesto Pascal, Italy
Vitiello Giuseppe, IV C SA

Using the data from the app

Data fetching and analysis Graphical evidence

Abstract

Cosmic Rays
Measurement of the cosmic muons

rate and reconstruction of their
incidence angle

I got the data in the table below with the other
participants, changing the inclination of the CRC by
15° from 90° East to 90° West. We took three 100-
seconds measurements for each inclination. After all
the measurements, I proceeded to calculate the
errors: using formulas of the Poisson Distribution, the
error on a given measure is the square root of the
measure. Then, I calculated the mean of the three
measurements done for each angle and the relative
error. Finally, the means were normalized using the
counts at zero degrees and plotted against the graph
of the square cosinus.

Insted of using Excel to trace out the graphs, I opted
to use Desmos, which I find more intuitive and easy 
to use, and on top of that it has better visuals. Using 
desmos, I traced out the square cosinus graph, the 
points we got from our measurements and their
relative errors in form of error bars. As we were
expecting, plotting the two sets of points against each
other, we get two resembling graphs, letting us know 
that the number of muons intercepting the CRC is
directly proportional to the square cosinus of the 
incidence angle. The link to the graph can be found
at:
https://www.desmos.com/calculator/uaeqf2alsv

How can we calculate the angle of incidence for each muon? If we select Save 
Session after a measurement, the app will save a .txt file on our phone, containing information about the planes the muons
passed through. The information is stored as hexadecimal strings; once they’re converted to binary, the strings show us the 
points of intersection between each plane and the muon’s trajectory. We can convert that to centimeters and find the best-fit
line in zx and zy plane. Combining the angular coefficients of those lines, we can find the magnitude of the trajectory vector in 
3D, and finally, we can find the angle of incidence theta using polar coordinates. The script I wrote to do that procedure can 
be found at: https://crc-download.herokuapp.com/files/AnalyzeMeasures.rar

θ (deg)

Normalized
counts
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What's your take-home message?

What have you done? What did you find out?

Who are you?

Measurement of the
cosmic muon rate

We have constructed the 
graph by placing the theta 
angle on the x axis and the 
rate (number of events / 
time) of the muon flux on the 
y axis.

We are the 5A class of the "Ernesto 
Pascal" scientific high school located
in Sant'Antonio Abate (NA).

Our task was to measure the 
muon flux as a function of the 
zenith angle using the Cosmic Ray 
Cube (CRC), equipped with plastic
scintillators capable of converting
the energy released by the 
interaction of a charged particle
into light; particular optical fibers
called Wave Length Shifter (WLS) 
that collect the light signals and 
convert them into light of different
wavelength (from blue to green); 
Silicon photomultipliers (SiPM) 
capable of converting the light 
collected by the WLS into an easily
digitizable electrical signal.

We have observed how the graph approximates the function 
y=cos2(θ). We can observe how the muon flux is minimum at 90 °
and maximum at 0 °.

θ (deg)

Normalized
counts

Cosmic muon rate
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Institution or School, Country

What's your take-home message?

What have you done? What did you find out?

Who are you?

Headline

Maria Chiara Castaldo, Palma Del Sorbo e Maria Grazia Di Nola 

4° D - Liceo Scientifico Ernesto Pascal, Pompei (NA)

November 4th is the international day dedicated 

to Cosmic Rays, particles invisible to the human 

eye but fundamental for the study of the 

Universe. On the occasion of this day, a 

connection was made from the Gran Sasso 

National Laboratory. The day began with 

greetings from the Director of LNGS, Ezio 

Previtali, and the Rector of GSSI, Eugenio Coccia, 

and then the theme of cosmic rays was 

introduced by Professor Ivan De Mitri through 

the presentation of a Power Point. Afterwards, 

the Cosmic Ray Cube and the use of the Cosmic 

Rays Live app were introduced by Attanasio 

Candela and Massimiliano De Deo.  

The students, after becoming familiar with the 

app, were divided into groups according to their 

region of origin and used the app to measure 

the flow of atmospheric muons according to 

their angle. Then, after measuring the flow of 

cosmic rays, a quiz, Kahoot, was proposed. The 

day ended with the connection to La Palma - 

Canary Islands with Victor Acciari. 

The instrument used to measure the flow 

of cosmic rays is the Cosmic Ray Cube. It 

consists of a plastic scintillator, equipped 

with reflective material (titanium 

dioxide), a special fibre called "WLS" able 

to collect the lue at every point of the 

scintillator and convert it into light of 

different wavelengths and a SiPM, a 

device able to count photons. 3 

measurements have been made for each 

100 second time interval for each angle 

(variation of every 15°). Subsequently, the 

data were reported in a table, 

accompanied by the respective errors. 

Finally, the rates were compared with the 

trend of .cos2

The connections were very interesting; we felt in close contact with the Universe. Despite the 

complexity of the topics covered, everything was explained clearly and comprehensively.
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DATA TABLES
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GRAPHIC
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IMAGES

Gran Sasso National Laboratory Workstation 
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Cosmic Ray Cube

Cosmic Rays Live

IMAGES
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Institution or School, Country

What's your take-home message?

What have you done? What did you find out?

Who are you?

I am a student at the last year of Liceo Scientifico Carlo Emilio Gadda 
(Paderno Dugnano Milano- Italy) who loves science.

I have watched an interesting
physics lession about cosmic rays
which was organized by many
theachers and students of italian
universities, talking about how
and where these particular rays
are created and also what they
are, who can we observe them
and the analysis of the
experimental data.

During this conference I have 
learn new things, such as the 
essence of the cosmic rays and 
the observation methods 
based on sofisticated 
instruments like the scintillator 
telescope or the spectrometer 
AMS placed on the 
Internatonal Space Station.

I have understood that the cosmic rays are important because they
can give us more informations about the essence of the matter.
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Divided by groups we had access 
to the app “CosmicRayLive” in 
order to measure the flow of 
atmospheric muons according to 
the angle.

We also had  listened to 
interventions of experts and 
scientists.

We played “Kaooth” so as to fix 
the knowledge learned during 
the morning.

We believe that is important to challenge ourselves in understanding 
these phenomena apparently difficult but certainly fascinating.

We found out that detecting muons is 
used  to understand where there have 
been galactic or intergalactic explosions or 
phenomena and also how data vary 
depending on the angle considering and 
understanding  how a particle detector 
works (we found out that, for example, 
when the angle is 90 degrees the particle 
flow is minimal while when the angle is 0 
degrees the particle flow is maximal, so 
when the angle increases, the flow of the 
muons decreases and vice versa, so they 
are inversely proportional quantities). In 
particular our group calculated the flow of 
atmospheric muons according to the angle 
of -60 every 100 seconds for five minutes 
and found out that the average of the 
flow of the atmospheric muons is 21 per 
100 seconds.

Maddalena Baruffaldi,Michele Malgesini,Petra Quaglietta

Liceo A. Manzoni , Lecco

What's your take-home message?

What have you done? What did you find out?

Who are you?
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Divided by groups we had access 

to the app “CosmicRayLive” in 

order to measure the flow of 

atmospheric muons according to 

the angle.

We also had  listened to 

interventions of experts and 

scientists.

We played “Kaooth” so as to fix 

the knowledge learned during 

the morning.

We believe that is important to challenge ourselves in understanding 

these phenomena apparently difficult but certainly fascinating.

We found out that 

detecting muons is used  to 

understand where there have 

been galactic or intergalactic 

explosions or phenomena and 

also how data vary depending on 

the angle

(for example when the angle is 

90 degrees the particle flow is 

minimal). 

We must consider and 

understand  how a particle 

detector works

Maddalena Baruffaldi,Michele Malgesini,Petra Quaglietta

Liceo A. Manzoni – Lecco, Italy

What's your take-home message?

What have you done? What did you find out?

Who are you?
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Liceo Scientifico «Paolo Frisi» Monza,Italy

What's your take-home message?

What have you done? What did you find out?

ICD2020

The majority of the data show a continuous
decrease in the mean value of the Counts
(and therefore the normalisation), this can
be seen in both data collected from east
and west. We can also see a drop in the
rate of decrease at the value ϑ = -90°,
which could have been caused by a
calculation mistake. After taking a deeper
look at the data, we can also see a slight
asymmetry between the data collected
pointing our telescope towards East (by
convention +) and West (by convention-).
The experimental activity can be considered
successful, as the theoretical premises and
the initial purpose have been confirmed and
reached through experimentation, as
expected. The errors remained limited, and
in general not decisive in the experimental
verification

We attend the 5Csa of the scientific high school.
We are 7 girls and 14 boys.

The aim of the experiment is to investigate the
dependence in the amount of muons perceived
on the ground in relation to the inclination of the
telescope used for the detection. This also
allows us to study the interaction of the muons
themselves with the earth's atmosphere: our
expectation, given the theoretical premises, is to
detect a greater quantity of muons at a smaller
angle of the device to the normal (ϑ), as the
thickness of the atmosphere crossed is clearly
smaller than that crossed at greater angles.
We analysed sets of data from last year and this
year, to improve the accuracy of our evaluations.

The data, taken from various measurements,
confirm the thesis, showing a dependence
between the amount of cosmic rays detected, in
this particular case of muons, and the thickness
of the atmosphere crossed, as expected.
We therefore note how the value of the Count
(and consequently also of the normalized data)
at angles close to zero is clearly higher than the
values identified at greater angles.

What excited us most was the possibility of carrying out an experiment in collaboration with a research 
center such as the Gran Sasso but above all that we were simultaneously with other schools, giving us 

the feeling of being part of a scientific community.

93



�NjIg�<[�Q[jg]GkEjQ][�<D]kj�jPI�
PQhj]gs�<[G�jPI]gs�]N�E]hZQE�
g<sh��qI�P<G�jPI�]dd]gjk[Qjs�j]�
dIgh][<YYs�Z<XI�ZI<hkgIZI[jh�
jPg]kOP�<[�<dd�E][[IEjIG�j]�<�
hkgN<EI�GIjIEj]g�¥Y]E<jIG�<j�jPI�
�g<[�/<hh]� <Dh¦�qPQEP�<YY]qIG�
kh�j]�gIOQhjIg�<j�GQNNIgI[j�<[OYIh�
jPI�d<hh<OI�]N�E]hZQE�g<sh�<[G�
j]�E<YEkY<jI�jPIQg�NgIfkI[Es�Q[�<�
hdIEQNQE�jQZI�Ng<ZI�

7I�qIgI�N<hEQ[<jIG�Ds�jPI�P<gG�q]gX�jP<j�Y<sh�DIPQ[G�dg]WIEjh�YQXI�jPI�][Ih�E][GkEjIG�<j�
jPI��g<[�/<hh]� <Dh�<[G�P]q�ZkEP�]N�jPI�ZshjIgQIh�]N�jPI�k[QpIghI�qI�hjQYY�P<pI�j]�
k[E]pIg��GIhdQjI�jPI�P<gG�q]gX�]N�jP]kh<[Gh�]N�dI]dYI�<g]k[G�jPI�q]gYG�

7I�qIgI�N<hEQ[<jIG�Ds�jPI�E]hZQE�
dPI[]ZI[<�<[G�qI�O]j�j]�YI<g[�
<D]kj�jPI�[kZIg]kh�Q[[]p<jQpI�
IrdIgQZI[jh�E][GkEjIG�<j�jPI�
�"�"��0Pg]kOP�jPI�pQgjk<Y�Y<D�qI�
]DhIgpIG�jP<j�qQjP�<[�Q[EgI<hI�Q[�
jPI�;I[QjP�<[OYI�qI�E<[�hII�<�
gIGkEjQ][�Q[�jPI�[kZDIg�]N�E]hZQE�
g<sh��jPQh�Qh�DIE<khI�jPIQg�d<jPh�<gI�
YIhh�YQXIYs�j]�ZIIj�jPI�YIpIYh�]N�jPI�
hkgN<EI�GIjIEj]g�<[G�DIE<khI�jPIs�
<gI�<NNIEjIG�Ds�jPI�hjg][O�
Q[jIgNIgI[EI�E<khIG�Ds�jPI�
[kZIg]kh�E]hZQE�g<Q[h�

��Og]kd�]N�hjkGI[jh�]N�jPI�EY<hh�Æ��]N�jPQh��[hjQjkjI�

/LFHR�6FLHQWLILFR�/��0DVFKHURQL��,WDO\

:KDW
V�\RXU�WDNH�KRPH�PHVVDJH"

:KDW�KDYH�\RX�GRQH" :KDW�GLG�\RX�ILQG�RXW"

:KR�DUH�\RX"

,QWHUQDWLRQDO�&RVPLF�
GD\�����

94



The equipment needed for the experiment consists of
a detector that can be oriented to 90 degrees in west
and east direction.
The detector has an external cubic structure which
keeps the four floors of which it is composed parallel
and at the same distance; each floor is made up of a
matrix of 6 x 6 plastic scintillators that emit a light
signal when crossed by cosmic rays;
the emitted signal is conveyed through a fiber cable,
to a photomultiplier which transforms the light signal
into electrical and amplifies it. Finally, the impulse
reaches a board that processes the received data and
transmits them in real time to a server.

Three datasets, with the events count where given
and we calculated the average of the event’s number
for each angle of orientation.
The rate of muons is calculated as the quantity of
events per unit of time. The rate is then normalized.
The following graph shows the relation between rate
and inclination angle of the detector; the curve trend
is a squared cosine (!"#²θ).

Istituto superiore “Lorenzo Rota”
Calolziocorte (LC)

Italy

Results

Experimental Setup Analysis

Abstract

As we can see in the data analysis, the highest rate is obtained at 0° and then it decreases with the increment of the the angle. This
because at 0° the thickness of the atmosphere is the lowest and so is the muons’ absorption. With the increment of the angle, the
atmosphere’s thickness increases and so does the muons absorption. An asymmetry in the graph between east and west
orientation can find an explanation in the fact that most of the primary rays are protons so the Lorentz force, generated by the
earth’s magnetic field, deviates them towards east giving an higher detection rate when the detector is oriented westwards.

The experiment aims to analyze the relationship between the cosmic ray flux, in particular the muons flux, and
the angle, with respect to the Zenith, at which the detector is orientated. Another goal of the experiment is to
analyze how orienting the detector towards east or west affects the data.
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A.Banfi scientific high school, Vimercate, Italy

What have you done?

Who are you?

COSMIC RAYS

WHERE DO COSMIC RAYS COME FROM?
Once cosmic rays were discovered, the main question that various researchers asked
themselves was the following one: where do these cosmic rays come from?
To answer this question they decided to follow the classic scientific method; they
formulated hypotheses and tried to verify them. One of the hypotheses proposed, the
most popular, was the one that linked the origin of these rays to the explosions in
space. The theory stated that as a result of explosions in space, shock waves are
generated and they propagate for thousands of kilometres. The theory was later
tested and it was concluded that cosmic rays, at least in part, come from space.

WHAT ARE COSMIC RAYS?
Cosmic rays are charged particles composed mainly, for 90%, of protons, of helium
nuclei for 9% and the remaining 1% of other elements of the periodic table.
Cosmic rays can be primary or secondary. In particular, the primary cosmic rays are
those that came directly from space while the secondary ones that came from the
primary ones that collide with the atmosphere and which consequently change
properties and composition.

HOW TO SEE COSMIC RAYS?
Cosmic rays can be seen with the phenomenon of auroras, or through special
devices. The first to use a particle detector with the intention of being able to see
cosmic rays was Charles Thomson Rees Wilson who in 1911 devised the first
detector, the so-called cloud chamber.

Our names are Amina El Kharouai and Silvia Corria; we are two students who

attend the A. Banfi high school in Vimercate in Italy.
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A.Banfi scientific high school, Vimercate, Italy

What have you done?

COSMIC RAYS

DIFFUSION MIST CHAMBER
The diffusion cloud chamber uses the difference in temperature to make cosmic rays
visible. In particular, the chamber, containing alcohol, is positioned on top of dry ice at
a temperature of -80 ° C. Therefore, a temperature difference of almost 100 ° C is
created between the base and the upper part of the chamber. The cosmic ray, in its
passage, ionizes the molecules and that creates a supersaturation zone that gives rise
to a mist. In this device, therefore, the passage of cosmic rays is characterized by the
formation of mist inside the chamber.
In particular, it can be deduced from the mist trail what type of particle has passed in
that zone. If the trajectory of the trail is straight we can have two different cases: the
passage of alpha particles or muons; in particular if the trail is thicker it is an alpha
particle, if the trail is thinner than a muon. If the trajectory is curved it is an electron.

FOG CHAMBER WITH PELTIER CELLS
The operating principle of this chamber is identical to the previous one, but in this case
a potential difference is used to generate a temperature difference. Also in this case
we can see the formation of fog trails as cosmic rays pass through.

SPARKS ROOM
The spark chamber is based on the use of capacitors; in fact, a lot of capacitors are
placed on top of each other at very high voltages close to 5000V. Inside this system, a
gas is injected which the cosmic ray interacts; in fact, at the passage of cosmic rays
sparks are formed.
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A.Banfi scientific high school, Vimercate, Italy

What's your take-home message?

What did you find out?

COSMIC RAYS

From the experimental data, we deduce that the function describing the cosmic
ray flux is a goniometric function since the independent variable is an angle. We
also note that the values fluctuate from a maximum value of 80.7 to a minimum
value of 7.3. The function consequently is a cosine function because for x = zero
the value of the function tends to a maximum value.

Finally, we can say that the function, despite being oscillating, assumes only
positive values; from this we conclude that the approximating function
approaches y = n [cos2 (x)], where n is the maximum value found, i.e. 80.7.
The approximant function is therefore the following one:

y= 80, 7 [cos2(x)] 

ANGLE AVERAGE COUNT [100s]

0 80,7
-15 71,7
-30 52,3
-45 41,3
-60 21,0
-75 14,7
-90 9,3
15 71,7
30 56,0
45 38,0
60 32,3
75 19,7
90 7,3

We have learned through this experience that there are many things around us
that we do not realize; but behind these things infinite and very interesting
knowledge can be hidden.

98



@INFN LECCE

2020 ICD Edition
@INFN Lecce

A full VIRTUAL online edition to involve students attending to DAD (school from at home) 
Online via live streaming under MS-Teams. Interaction via moderated chat and mail exchange.
2 sessions with similar structure: Morning and Afternoon, with the participation of colleagues
from INFN and University of Salento as well as University of Campinas (Brasil), Bergische Univ. 
of Wuppertal (Germany),  CNEA Buenos Aires (Argentina), Penn State University (USA)

Participating Schools

Schools from 3 districts

Women

Mainly «scientific» or « applied science» but
also a considerable amount of «classic» schools
– 16 to 18 years old students

Men 872 people in presence with 
a «good» gender balancing

Teachers
Men
Women

ICD Activities

We measured the cosmic rays flux vs Zenith angle.
We video recorded all the data taking activities. Since
the very beginning the students could work on
dataset. Very proudly, a few students were able to
produce the final plot live-time

Short video or
partecipation from
International
colleagues with
main focus on
Pierre Auger
Observatory
activities

KAHOOT, focused on
the topics treated
during the day, was the
final activity of the day.

Activities within OCRA-INFN
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Abstract

Liceo Scientifico Banzi Bazoli – Lecce - Italy

International Cosmic Day 
2020

Conclusion

Experimental Setup Analysis

We investigated the dependence of the secondary cosmic rays flux on
zenith angle 휃. For our purpose we used data acquired by a scintillator detector (CORAM). We
verified that the rate of the detected cosmic rays (CR) decreases as 휃 increases from 0 to 90 .

CORAM (COsmic Ray Mission) 
is composed by four
scintillator layers interposed with 
with iron absorbers. It can be                                                                         
tilted, in order to detect
secondary CR coming from                          
different directions,                                         
corresponding to different values of 휃. For each 
fixed 𝜃, we acquired the number of particles 
hitting every planes every three seconds for 30 
minutes, as well as the double, triple and 
quadruple coincidences of such events, 
considering only the cases involving adjacent 
layers. We calculated the rate as the ratio                                       
between the average
number of events                                                                   
detected in 3 seconds
and the time                                                                
interval.

Our analysis shows that the secondary CR flux is
proportional to cos 휃. This can be justified by observing that the more inclined is the direction of
the incoming particle (with respect the zenith), the more is the length of its path trough the
atmosphere, and consequently its probability of decay before reaching the detector.
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Luigi Arsieni, Federico Conte, Pierandrea De Donno, Matilde De Francesco, Ludovica Lezzi, Martina Lomascolo,
Luca Paiano, Andrea Piscopiello, Paolo Puzzovio, Roberto Russo, Aurora Scalinci, Nicolò Zilli. Prof. Antonio Quintavalle
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Liceo Classico Statale F. Capece, Maglie- Italy

International 
Cosmic Day 2020

4th november 2020

CORAM 
detector

Abstract
During the day we learnt how to measure the flux of cosmic rays as a function of  the zenith 

angle. We drew a graph in order to analyze the data. The zenith angle distribution of cosmic rays showers have been 

measured using scintillating detectors. The flux is maximum when the angle between the surface of the detector and 

the zenith is 0°. 

.

Experimental Setup Data Acquisition

The experimental apparatus is made up of four

planar scintillating detectors of approximately

14.5x14.5 cm2.. By scintillating detectors we mean

materials capable of emitting pulses of light when

they are crossed by particles. This light is captured

by optical fibers (WLS), conveyed to two photo-

detectors (APD) and finally transformed into an

electrical signal. Between the four planes there are

iron layers, which serve to select the most

penetrating particles

During an interval of time T, the counting rates C for

single, double, triple, and quadruple coincidences (so

called according to how many detectors scintillate

simultaneously) have been recorded for different angles

from 0° to 90° with respect to the direction of the zenith.

Counting rates are displayed in a histogram via the

graphical interface. Finally, the rate R of the rays that

cross our detector is calculates as R = C / T.
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Conclusion

We plotted the counting rates versus the angle, and we can see that the values of counting rates decrease as the angle 

increases, as expected.

We were introduced to cosmic rays, and to the observatory “Pierre Auger”, situated in Argentina. After the 
measurements, all students participated to a game-based challenge using “Kahoot!” with question on what we learnt 
during the day.
Students: Andrea Camarda, Loredana Merico, Vittoria Urso, Marta Cancella, Elena Leomanni, Eleonora Leone, Andrea 
Lisi, Serena Mitello, Margherita Paiano
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Abstract

Leonardo da Vinci - Maglie, Italy

International 
Cosmic Day 2020

Cosmic rays basically are high-energy protons and atomic nuclei which move through
space at nearly the speed of light. They take origin from the sun, from outside of the solar
system, and from distant galaxies.

International Cosmic Day is a great opportunity for students like us to approach to the particle physics            
.                                             world with real time measurements of the cosmic rays flux. Those measurements, performed with 
CoRaM setup developed at INFN Lecce laboratory, have been carried out together with scientists who’d also guided us in the 
analysis of the collected data and the discussion of the results. The main goal has been to verify the cosmic rays flux dependence on 
the zenith angle. In this poster, after a brief introduction to the history of the discovery of cosmic rays, we focused on the experimental 
setup description and on the measurements performed with the latter.The obtained results are then succintly discussed.

Authors:
Fersini Veronica 4A

Fuso Noemi 4A
Chiarello Damiano 3A

Rondinella Barbara 3A
Caracuta Giulia 4A
De Iaco Alessia 5E

De Vitis Manuel 4H
Fonseca Giorgia 5E
Gallone Carlotta 5E

Negro Mario 4C

Cosmic Rays
1st step: Check on data taking. First of all we took a measurement at θ = 0
which allowed us to check out the detector efficiency and the particle flux.

Previous measurements have shown that the muon intensity (I) depends on the zenith
angle (θ) in according to the relationship

The origin of cosmic rays and how they get so
energetic are the fundamental questions of
cosmic rays physics.
After entering the atmosphere, the primary
cosmic rays interact with the nuclei and
molecules in the air, mostly at 15 km above
the sea level. Incident hadrons collide with
atmospheric nuclei and then undergo strong
interactions, so that secondary particles are
produced.
Muons are the main component of cosmic rays
observed at sea level, the expected flux of
which is less than 100 [part. m-2 s-1 sr-1].

Experimental Setup

When a charged particle flows through the scintillation
plane, it loses a fraction of its energy, which is absorbed
and re-emit in the form of light.
The scintillation light is collected by a photodiode that
converts it in an electrical signal. Signals coming from
each plane are processed by an electronic device which report the count rates.

2nd step: Plot the measured count rates Vs the zenith angle.

Red line refers to cosmic rays that
crossed all sensitive planes (4-fold
coincidences), while the other
lines are referred to 3-fold
coincidences.
Note that the difference between
blue-magenta lines and green or
cyan lines depends on the detector
acceptance.

3rd step: Fit and Results

I(θ) = p1 + p0*cos2θ    
where:
- I(θ) is the measured flux;
- p1 is the intrinsic detector noise;
- p0 is expected flux.
From fit we have

p0 = 0.085 Npart/(dm2 × s × sr)

In this poster we presented a measurement to verify the angular distribution of
muons at ground by a detector developed at INFN - Lecce Laboratory.
We have shown as the collected data sample is according to cos2θ law and as is
possible to calculate the expected flux at the ground, according to a relationship
that takes in account the geometric acceptance and the layer efficiency.
However, we obtain a flux value of 12%, not coincident to typical value expressed
in literature (~0.7Hz). The discrepancy is probably due to a lack of efficiency of the
detector that has not been taken in account.

Assuming that count rate for
n-fold coincidence is given
by the formula:

Rn = εn-1 I0 An

where ε is the layer efficiency (sensitive plane + absorber), I0 is the measured
flux and An is the geometric acceptance at nth layer. By the R3/R2, and from R4
we have

ε = 81% and I0 = 0.08 Npart/(dm2 × s × sr)

After having normalized the data and rated them to the detector acceptance, we
can fit the graphs using a function like

Analysis

Conclusions

Acknowledgements
We are grateful to researchers at INFN - Lecce for allowing us to join the meetings and
conduce the measurements. Furthermore, we need to thank our school principal for giving
us the possibility to participate to this project.

Experimental setup is composed of four scintillation
planes of 15 × 15 × 1 cm3 separated from a
polystyrene foil and a thin layer of iron.

Event Display

Geometric acceptance

Using all planes

Three planes
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Abstract

Liceo Scientifico Cosimo de Giorgi, Lecce

INTERNATIONAL COSMIC DAY

Conclusion

Experimental Setup Analysis

During the ICD we could measure the cosmic
rays flux as a function of the Zenith angle using
a detector named CORAM. This detector is
made of 4 scintillator layers that emit light when
a particle pass through. The light is collected
and read out using WLS fibers and
photodetectors (APD).
With this detector we could count the events
on the single detector layer and the two-fold,
three-fold and four-fold coincidences.

As we can see from the plot, the rate decreases as the angle increases as expected. In fact for bigger
angles the cosmic rays pass through a larger atmospheric layer and are absorbed. We also learned 
that the particles flux changes according to the number of layers passing through (the number of 
particles that go through 4 layers is smaller than that detected by two or three layers) this  due to 
geometric considerations.

Cosmic rays are high-energy particles coming from the space that, moving almost at the speed of light,
reach the Earth. When they reach the Earth, they collide with particles in the upper atmosphere
producing a “shower” of secondary particles, including muons.

The CORAM
detector

Due to the intrinsic noise
of the single layer we did
not consider the single
counts. In the plot we
presented the medium
count after 30 min of
data taking after which
we changed the angle.
We made measurements
with an angle of 0, 15,
30, 45, 60, 75 and 90
degrees.

Cosmic Rays Flux vs Zenith Angle

Double Triple Quadr.
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Liceo De Sanctis-Galilei Manduria, Italy

International 
Cosmic Day

Abstract On November 4th 2020, the International Cosmic Day was organized
online by the INFN of Lecce for high school students. Cosmic rays are energetic particles, mainly
protons, helium nucleus and antimatter, that come from outer space, and that can be detected using
particular detectors. When cosmic rays come in contact with the atmosphere interact creating a
shower of secondary particles that can reach the Earth surface.
During the day we could measure the cosmic rays flux a s a function of the Zenith angle.

Conclusions

Experimental Setup

For the experiment we used a detector, named
CORAM, made of four layers of plastic
scintillators interposed with iron absorbers. This
detector could be tilted at different angle respect
to the Zenith. We recorded the single count
coming from every single layer and the two-fold,
three-fold and four-fold coincidences that happen
when two, three or four adjacent layers detect a
signal contemporary. The measurements were
performed at different angles between 0° and
90°. For every angle we take data for about 30
minutes, the events are recorded every 3 seconds.

From the plot we can see that the cosmic rays flux decreases as  the Zenith angle 
increase as expected. Moreover, we can notice that the double counts compared to the triple and 
quadruple are higher and this is due to geometrical considerations . From the plot with dark background, 
we can see that the cosmic rays flux is proportional to cos2(θ). 

Results
Angle cos^2(theta) Double Triple Quadruple

90 0,00 0,104 0,022 0,0117
75 0,07 0,123 0,031 0,0147
60 0,25 0,2 0,07 0,0466
45 0,50 0,286 0,127 0,0866
30 0,75 0,347 0,157 0,1066
15 0,93 0,407 0,198 0,1366

0 1,00 0,429 0,21 0,1466

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

0,5

0,00 0,20 0,40 0,60 0,80 1,00 1,20

CO
UN

TS
 (H

Z)

COS^2(THETA)

Double Triple
Quadruple Linear trend (Double)
Linear Trand (Triple) Linear Trend (Quadruple)

Zenith Angle (deg)

Co
un

tin
g

Ra
te

 (H
z)

104



RESULTS

I.I.S.S. “ETTORE MAJORANA” - Brindisi
Classe 3ASQ

ANGULAR DISTRIBUTION 
OF COSMIC RAYS

EXPERIMENTAL SETUP ANALYSIS

INTERNATIONAL COSMIC DAY

Cosmic rays are high-energy protons and atomic nuclei which move through space
at nearly the speed of light. They have both galactic and intergalactic origins
Cosmic rays can produce shower of secondary particles that sometimes reach the surface.
For measurements and experiments on Earth we use surface detectors or balloons with systems
as CORAM. Particle detectors similar to those used in nuclear and high-energy physics are used
on satellites and space probes for research into cosmic rays.

NOVEMBER 6 | 2019

Giulia Pastore 2ASQ
Gessica Cionfoli 3AS
Maria Zensen 3AS

Eva Casalini 2ASQ
Flavia Ruggiero 3AS
Francesca Durante 3AS

prof.ssa Anna Karen Calabrese          prof.ssa Rosalba Guadalupi

Measurements Graph:

As we expected the results shown by the experiment 
CO.RA.M. demonstrated that the trigger rate of the events decreased with the 
raising value of the zenith angle. In fact the more the zenith angle increases, the 
wider became the atmospheric layer crossed by the cosmic rays so they are 
more absorbed.

Trigger Rate (Hz): Number of signals 
registered by the scintillators per second

Zenith Angle (deg): angle of incidence of 
the cosmic rays

CO.RA.M. is a 
scintillation 
detector and it is 
used for measure 
the rate of events 
in every layer. It’s 
made out of 4 
layers of 
scintillators 
separated by iron 
absorbers. 

It also measures the coincidences of events 
that happen at the same time on adjacent 
layers. The more layers we consider, the 
lower the rate of coincidences will be.
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Abstract

Liceo ‘Galileo Ferraris’, Taranto 

INTERNATIONAL COSMIC DAY 

AnalysisExperimental setup We used a device called
CORAM (COsmic RAy Mission). CORAM is composed by four
layers of scintillation detectors capable of emitting pulses of
light during the passage of a particle. The pulses of light are
converted into electrical signals by two photo-detectors. The
scintillators are alternated to layers of iron, called absorbers,
used to select the most penetrating particles, usually muons.
The device records the signals of the scintillators at regular
intervals of time, and shows the rate of single, double, triple
and quadruple coincidences, coming respectively from only
one layer or two, three and four adjacent layers. The rate is
the ratio of the number of cosmic rays incident in the detector
in a time interval DT and DT. The device measures the rate of
cosmic rays that pass through the detector in function of the
zenith angle. We changed the measurement angle (from 0° to
90°) rotating the detector every thirty minutes. The distribution
of coincidences is shown through a graphic interface in the
form of histograms. We reported the rate of double, triple and
quadruple coincidences in a table, we divided the arithmetic
averages by 3 to have the rate of counts in Hz and we
represented the data in a graph to show the relationship
between the rate of cosmic rays and the zenith angle q. Finally
through another graph we saw how the rate of counts in Hz
changes in function of 𝑐𝑜𝑠 θ.

Cosmic Rays, discovered by Hess in 1912, are charged particles and atomics nuclei that hit the Earth every day in an
almost uniform way. They are high-energy particles originating from astrophysical objects, both galactic and extragalactic, through
extremely violent processes, like the explosion of a star in a supernova or like the collisions of galaxies. When a cosmic ray enters the
terrestrial atmosphere, interacts with its nuclei. In these collisions are produced new particles that in turn interact or decay creating new
others. The result is a kind of shower of particles called “Extensive Air Shower”. The most energetic secondary particles can reach Earth’s
surface: they are very abundant in nature (about 300 particles/s/m2) and they make up about 20% of natural radioactivity.

Observing the first graph, it is possible to notice that the cosmic rays flux decreases as the zenith angle increases.
The flux is maximum when the angle measures 0° and the direction of particles is perpendicular to the Earth's surface. While the fllux is
minimum when the angle measures 90°. This happens because a greater angle corresponds to greater distance travelled by the particles
and to higher possibility that they are absorbed in the atmosphere before reaching the Earth’s surface. Observing the second graph, it is
possible to notice that the data is arranged approximately along a straight line: the rate of cosmic rays is directly proportional to the
cosine squared of the zenith angle.

Students: Giulia Camporeale, 
Graziano Cecere, Aurora De 
Donno, Cristiano De Pasquale, 
Gaia Marchionna, Nuri Massafra, 
Greta Pisanelli, Sara Pomes, 
Davide Santo, Desirèe Siragusa

Teacher: Salvatore Spinelli

Conclusion

Partecipants
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Abstract

Liceo Classico B. MARZOLLA , Brindisi-Italy

Conclusion

Experimental Setup Analysis

ANGULAR DISTRIBUTION OF 
COSMIC RAYS

On November 4th, we participated to the International Cosmic Day through a 

videoconference with the University of Salento. Cosmic rays are particles of various energy travelling almost at 
the light speed and having galactic and extra-galactic origin. During the day we learnt about the cosmic rays 
physics and we could perform a measurement of the cosmic rays flux as a function of the zenith angle.

We performed the measurements using a detector
named CORAM that is made with 4 scintillator layers
interposed with iron absorbers. The scintillator have
the characteristic of emitting light when a particle
pass through. Optical fibers collect the light towards 2
photodetectors APD. We defined a time interval and
we registered the single count when we have signals
from the single detector layer named X, Y, Z and W.
We had the two-fold coincidences when we got
signals from 2 adjacent layers. We got triple when the
signals come from 3 layers, and quadruples from 4
layers.
The data analysis is performed as follow:
Step 1: identify the data referred to double, triple and
quadruple (the single counts are not considered due
to the intrinsic noise that could affect the
measurements);
Step 2: averaging the double (XY; YZ; ZW) and the
triple (XYZ; YZW);
Step 3: divide the results by 3 to get the counting rate
in Hz considering that the data are recorded every 3
second.
We measured the cosmic ray flux changing the angle
from 0o to 90°.

From the plot we can see that the counting rate 
decreases as the angle increases as expected.
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On the 4th of November 2020 we partecipated to the International Cosmic Day (ICD) via Microsoft Teams connection.
First of all researchers from the INFN and Lecce University presented talks on cosmic rays, then we performed a
measurement paying attention in particular to the cosmic rays flux as a function of the zenith angle. We analyzed the
data and we wrote down a detailed report. Finally we verified our knowledge about the cosmic rays through a quick test
using KAHOOT.

Liceo Quinto Ennio – Gallipoli (LE)

Experimental Setup Measurements

Abstract

INTERNATIONAL COSMIC DAY

Cosmic rays are subatomic particles coming from
space. In nature there are many of them and they
represent the 20% of natural radioactivity. Thanks
to the experiments of Victor Hess and Domenico
Pacini, it was discovered the extra-terrestrial nature
of those particles.
Primary cosmic rays
are made by protons,
helium nuclei electrons
and photons.
When they enter the Earth
atmosphere interact and create a shower of
secondary particles.
The secondary cosmic rays propagate in the
atmosphere and if we detect them with some
experiment we can understand the characteristics
of the primary particle (arrival direction, primary
energy…). Only muons arrive on the earth’s
surface.

We performed our
measurements using a
detector named
CORAM. It’s composed
by four layers of plastic
scintillator interposed
whit iron absorbers.

The plots show the counting rate, on the y-axis, due
to the particles that go through the detector
depending on the Zenith angle (x-axis). We
measured the cosmic rays flux at different angles
from 0o to 90o. The detector layers are named X, Y,
Z and W starting from the top.
Due to the noise of the single layer, we decided to
not consider the single counting rate coming from
each detector layer.
In the plot we show the
two- fold, three-fold and
four- fold coincidence due
to adjacent detector.

Double

Triple Quadruple

In the first plot we show the two fold coincidence
due to adjacent layers XY, YZ and ZW. IN the
second plot we show the three-fold coicidence
threfore XYZ and YZW. Finally in the last plot we
show the quadruple XYZW.
As we can see, the counting rate decreases as the
angle increases as expected. This is due to the
fact that for bigger angles the cosmic rays go
through a wider atmospheric layer and are more
absorbed.
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Abstract

Liceo Scientifico Stampacchia, Tricase, Italy

International Cosmic Day
November 4 | 2020

Conclusion

Experimental Setup Analysis

Cosmic rays are particles of various types and energy (up to 10 ^ 20 eV ) having galactic
and extragalactic origin. Primary cosmic rays do not reach the ground because they interact with the atmosphere: each of
them becomes a shower of secondary particles that can be detected. We can count the number of secondary muons per
second using CORAM, a scintillator detector. We investigate the relationship between the counting rate and the zenith angle.

The CORAM detector consists of 4
scintillator layers (named X,Y,Z,W from
the top), which emit light pulses when
particles pass through. Photo-detector
APD converts the light into electrical
signals. In a fixed time interval ∆t = 3 s,
we recorded the signals detected from
one, two, three or four consecutive
detector layers. For signals coming from
two or more layers we have the two-fold,
three-fold and four-fold coincidences.
The average number of these events is the
output in the interface of the detector.
The ratio between counts and time give
us the counting rate in Hz.

The rate of double (XY, YZ, ZW), triple (XYZ, YZW) and quadruple
(XYZW) events are shown as a function of the zenith angle 0°, 15°,
30°, 45°, 60°, 75°, 90°, after 30 minutes of data taking for each angle.

As expected, the rate of muons per second that reach the ground decreases as the zenith angle increases. More precisely, 
considering the experimental uncertainty, the rate is directly proportional to the square of the cosine of the zenith angle.

Ludovica Cosi, Classe V A
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Abstract

Liceo Statale « Tito Livio»- Martina Franca
ITALY

INTERNATIONAL COSMIC DAY

Conclusion

Experimental Setup Analysis

To perform the measurements of the cosmic rays flux
we used a detector named CORAM (COsmic RAy
Mission) made with 4 scintillator layers interposed
with iron absorbers. The plastic scintillators emit light
when a particle pass through; the light is collected by
optical fiber (WLS) and is sent to 2 “photo-detectors”
(APD). The irons absorbers allow to select the most
energetic particle.

We recorded the single counts from every detector
layers named X, Y, Z, W staring from the top. We also
recorded the two-fold, three-fold and four-fold
coincidences that is the signals due to the fact that
two, three and four layers detect an event at the same
time.

We measured the comic rays flux as a function of the
Zenith angle. This was done positioning the detector tilted
at different angles from 0o to 90°. For each angle we took
data for almost 30 minutes. The counts are recorded in a
file every 3 sec so to have the counting rate in Hz we
divided the measured values by 3.
Due to the instrinsic noise of the single detector layer that
can affect the measurements, we considered in our
analysis only the double, triple and quadruple.

We measured the cosmic ray flux versus the Zenith angle. We saw from the data that the
flux decreases as the angle increases as expected because for bigger angles the cosmic
rays pass through a wider atmospheric layer and are absorbed.

On November 4th, 2020 we participated to the International Cosmic Day together with the researchers of INFN Lecce and
University of Salento. We learned about cosmic rays and we performed an experiment to measure the cosmic rays flux as a
function of the Zenith angle. We analyzed the data and here we present the results.
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Presentation of the school

Liceo scientifico e linguistico 
A. Vallone, Galatina-Italy

International Cosmic Day

Conclusion

Activities during the day

Liceo Scientifico A. Vallone is an high school in Galatina, that offers three possible addresses to all the students,
based on their preferences. Our school partecipated together with other high schools of the Salento district to the
International Cosmic Day organized by INFN Lecce on 4th November, 2020.

At the beginning of the day there was the presentation about the cosmic rays:
what they are, where they come from, how they can be measured and what we
can learn from them. After that we could follow several talks on various cosmic ray
experiments around the world.
The focus on ‘The Pierre Auger Observatory’ was the most interesting. 
It is situated in Mendoza, Argentina. This experiment studies the high energy cosmic rays using
surface Cherenkov and fluerescence detectors. It extends for 3000km2, like the whole Salento area.
During the day we performed an experiment measuring the cosmic ray flux as a function of the 
Zenith angle. We use a detector named CORAM made by 4 scintillator layers interposed with iron
absorber. The scintillator has the peculiarity that it emits pulses of light when a particle pass through. 
We measured the flux of cosmic rays by varying the zenith angle from 0o to 90°. The rate expressed in 
particles per second is the number of cosmic rays passing through the detector. 

CORAM
DETECTOR

From the data analysis we get that the cosmic rays flux decreases as the angle increases as
expected. This experience was very interesting because we studied new topics never treated at
school. We ended the day challenging on kahoot, a quiz with questions on what we have learnt 
during the day.

Zenith Angle (deg)

Co
un

tin
g

Ra
te

 (H
z)

111



________________________________

MEXICO 
________________________________

112



7RGD\�ZH� OHDUQHG�ZKDW�FRVPLF�UD\V�DQG�JDPPD�
UD\V� DUH�� +RZ� WKH\� EHKDYH�� +RZ� WKH\� DUH�
PHDVXUHG�� :H� VDZ� KRZ� WKH� (VFDUDPXMR�
([SHULPHQW�DQG�DQ�HOHFWURVFRSH�ZRUNV��:H�DOVR�
OHDUQHG� WKDW� LQ� 0H[LFR� DQG� WKH� ZRUOG�� 0DQXHO�
6DQGRYDO�9DOODUWD�ZDV�D�SLRQHHU�LQ�FRVPLF�UD\V�

(DFK� RI� XV� PHDVXUHG� WKH� PXRQ� IOX[� XVLQJ� WKH�
FHOOSKRQH� DSSOLFDWLRQ� 0XRQ� )OX[��� ZKLFK�
VLPXODWHV� WKH� PXRQ� IOX[� DV� D� IXQFWLRQ� RI� WKH�
=HQLWK�DQJOH�� WKH�PXRQ�HQHUJ\�� WKH�DOWLWXGH��DQG�
WKH�GHWHFWRU�DUHD��
�
:H�XVHG���*H9�DQG����FP��DV�IL[HG�YDOXHV�DQG�
ZH� FKDQJHG� WKH� ]HQLWK� DQJOH� DW���� ���� DQG������
:H�PHDVXUHG� WKH�VLPXODWHG� IOX[� IRU� WZR�PLQXWHV�
HDFK�� DQG� ZH� DOVR� GLG� LW� IRU� WZR� GLIIHUHQW� VLWHV��
6DQ�&ULVWyEDO�GH� OD�&DVDV� ������P�D�V�O��� DQG�
7X[WOD�*XWLHUUH]������P�D�V�O����ERWK�LQ�&KLDSDV��
0p[LFR�
���$SS�ZHESDJH�����1RY���������KWWSV���DSNSXUH�FRP�HV�PXRQ�IOX[�LW�DQGURLG�PXRQIOX[

$V� VKRZQ� LQ� WKH� ILJXUH�� ZH� IRXQG� WKH� PXRQ� IOX[� DV�
IXQFWLRQ� RI� WKH� ]HQLWK� DQJOH�� DQG� ZH� FRQFOXGH� WKDW� LW�
GHFUHDVHV� ZLWK� ]HQLWK� DQJOH� DQG� JURZV� ZLWK� WKH�
DOWLWXGH��

2XU�UHVXOWV��IRU�6DQ�&ULVWREDO�GH�ODV�&DVDV�DUH�DW�WKH�
WRS��DQG�WKH�FRUUHVSRQGLQJ�RQHV�IRU�7X[WOD�*XWLHUUH]�
DW�WKH�ERWWRP�

0RUH�WKDQ�����SDUWLFLSDQWV�LQ�DQ�RQOLQH�PHHWLQJ��LQFOXGLQJ�VWXGHQWV�DQG�SURIHVVRUV�IURP�7X[WOD�
*XWLpUUH]�DQG�6DQ�&ULVWyEDO�GH�ODV�&DVDV��&KLDSDV�

)&)0�81$&+��0p[LFR

:KDW�KDYH�\RX�GRQH" :KDW�GLG�\RX�ILQG�RXW"

:KR�DUH�\RX"

7KH�0XRQ�)OX[�LQ�
&KLDSDV�

:H�ILQG�WKDW�IRU�WKRVH�RI�XV�ZKR�OLNH�SK\VLFV��WKHUH�DUH�PDQ\�LQWHUHVWLQJ�DUHDV�RI�UHVHDUFK��DQ�H[DPSOH�LV�
WKH�DUHD�RI�FRVPLF�UD\V�DQG�DVWURSDWLFHV�SK\VLFV��:H�JRW�NQRZOHGJH�RI�D�WRSLF�ZKLFK�LV�LQWHUHVWLQJ�DQG�
QRW� LQ� FRPPRQ� XVH�� :H� ZHUH� VXUSULVHG� WKDW� GLIIHUHQW� IDFWRUV� KDYH� WR� EH� FRQVLGHUHG� LQ� VFLHQWLILF�
FRQFOXVLRQV��VXFK�DV�WKH�PHGLXP�DQG�WKH�DOWLWXGH�RQ�WKH�FRVPLF�UD\�SURSDJDWLRQ�

:KDW
V�\RXU�WDNH�KRPH�PHVVDJH"

113



3UHSDUDWRULD�(PLOLDQR�=DSDWD��3XHEOD��0p[LFR�

5HVXOWV

([SHULPHQWDO�6HWXS $QDO\VLV

$EVWUDFW

ANGULAR DISTRIBUTION 
OF COSMIC RAYS

Cosmic rays are particles that arrive from space and constantly bombard the Earth from all directions. Most of
these particles are protons or nuclei of atoms. Some of them are more energetic than any other particle
observed in nature. First discovered in 1912 many things about cosmic rays remain a mystery more than a
century later.

Despite the fact that at this time we cannot meet to carry out the experiment as usual, the enthusiasm and
participation of everyone to know a little more about cosmic rays is present, even with a pandemic we were able
to work and learn more.
The main conclusion of this work is that cosmic particles pass through us all the time, and the amount of particles
increases with the inclination with which they arrive, being an angle 0, direct contact but with the inclination it
decreases.

This year we generated the graphic and
analyzed the muon incidence through the
Cosmic@web data due to the COVID-19
pandemic.

The Emiliano Zapata High School is in the
Historic Center of the Puebla city, in Puebla,
México. In Puebla we can see beautiful
landscapes of the volcanoes Popocatépetl and
Iztaccíhuatl. Further we have delicious food
and the architecture is awesome thanks to
the mix of Spanish, indigenous and other
cultures.
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SUMMARY 
Zenith Angle Distribution of Air Shower Particles

The goal was to measure the rate of muons, produced in extended air 
showers, as a function of the zenith angle.  

Those of you who have done this measurement have seen that the rate 
has its maximum when pointing the detectors upwards, towards the 
zenith. When increasing the zenith angle, i.e. inclining the detectors more 
and more towards the horizon, the muon rate decreases. From this we 
concluded that most of the cosmic particles reach us from straight up 
ahead.  

This result can be easily understood when remembering where the muons 
come from. The muons are produced in the upper atmosphere of the 
earth, in the height between 10 and 15 kilometers above the sea level. This 
is the distance they have to travel when they hit us from straight above. 
Muons that reach us from a horizontal direction, i.e. at a large zenith angle, 
have to travel a much larger distance, more than 400 kilometers. Then 
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remember that muons have a very short lifetime: In average, after only two 
millionth of a second, they decay. Thus muons travel as fast as possible - 
with over 99% of the speed of light – the farther the distance, the higher is 
the probability that they decay before reach us. Consequently, the larger 
the zenith angle at which we point our detectors, the lower is the 
measured muon rate. 

 

 

horizontal direction

vertical direction/ 
zenith
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LEARN MORE 

MORE ABOUT MUONS 

Discovering of a previously unknown “void” in the Great Pyramid at Giza in 
Egypt using muography: 
http://www.scanpyramids.org/  

More about Nobel Prize in Physics 
Nobel Prize in Physics 2015 “for the discovery of neutrino oscillations”: 
http://www.nobelprize.org/nobel_prizes/physics/laureates/2015/press.html 

Nobel Prize in Physics 2017 “for decisive contributions to the LIGO 
detector and the observation of gravitational waves”: 
https://www.nobelprize.org/nobel_prizes/physics/laureates/2017/ 

More outreach programs for students
International Particle Physics Masterclasses – Analyze particle physics 
data:  
http://www.physicsmasterclasses.org 

IceCube Masterclass – Analyze IceCube data: 
http://icecube.wisc.edu/outreach/masterclass 

QuarkNet – Overview over physics outreach programs in the USA:  
https://quarknet.i2u2.org 

Netzwerk Teilchenwelt – Overview over astroparticle and particle physics 
outreach programs in Germany:  
http://www.teilchenwelt.de 

Extreme Energy Events (EEE): Science inside Schools - Overview over an  
astroparticle physics outreach program in Italy:  
http://eee.centrofermi.it/ 
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More outreach programs for students 

The Pierre Auger Observatory outreach website:  
http://www.auger.org/education  
http://auger.colostate.edu/ED 

If you want to know more about cosmic particles and 
astroparticle physics, we have collected here a few links. 
Have fun on the tracks of science!
Comic about Cosmic Ray from NASA: 
http://www.nasa.gov/pdf/752017main_CRaTER_minicomic.pdf 

IceCube – Life at the South Pole:  
http://icecube.wisc.edu/pole/life 

Video “The fantastic voyage of Nino the neutrino” from INFN: 
http://www.youtube.com/watch?v=dhkCMO1lG7g 

ScienceNews for Students – “Where cosmic rays are born”:  
https://www.sciencenewsforstudents.org/article/where-cosmic-rays-are-
born 

Fermilab: 	  
http://ed.fnal.gov/home/students.shtml 

Outreach website astroparticle group at DESY:  
https://astro.desy.de/outreach 

IPPOG – The International Particle Physics Outreach Group:  
http://ippog.web.cern.ch/ 
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AND THE WINNER OF COSMIC SELFIE CONTEST 2020 
FOR SCIENTIST IS OUR COLLEAGUE 

VIKTORIA TOKAREVA 
FROM KARLSRUHER INSTITUT FÜR TECHNOLOGIE (KIT), 

GERMANY 

AND THE WINAMAC HIGH SCHOOL
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