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The PolarQUEEESst mission

... Cosmic Rays, the Geomagnetic Field ....

... and the Earth Climate ...
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Earth Magnetosphere is
modified by solar wind

Geomagnetic field anomalies
play fundamental role in

cosmic rays flux on Earth outer zone

ISS, satellites and expeditions C tl‘%%\‘f .
have to take it into account | anomaly }

(inner zone)



Magnetosphere and Cosmic ray
Interplay is a

Energeti very complex phenomena
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Cosmic Rays, Life and Paleoclimate
https://www.europhysicsnews.org/articles/epn/pdf/2015/02/epn2015462p26.pdf
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Large Area , Cosmic rays Neutron
Cosmic rays experiments Monitor Network

Is the widest network
LR for monitoring neutrons

8] NMDB stations

" EEE (ltaly)

Pierre Auger Observatory
Argentina

9
?
A

Atfantic
Ocean

WESsEweess ST T N e

SOUTH
AMERICA

%ICECUBE

Som . 'serop A

4
<®

xg

58

13

5 £38
«—qrp—A= at

Ice Cube Observatory
South Pole Antartica



20°  40° 60° 80° 100° 120° 140°

\ 40° -
A Previous measurements on boats
S J 30°
30° : p okyo
/ °
200 ’, 20
| - D / &’ .
10° ] T( 'Y 1,/ ) 10° Polar Ship Survey, 1999
v/ \ 5
o NV et
o <f o -'E’.a/"“f, 4Ry o 80 Bartol Research Institute/Univ. of Tasmania .
Y o~ =5 [ > atitude survey 1998/99 P,
o] T 1A il S
1
2°° \:{ -’ 200 R
- Cape gt ,’ l J & ’. -\ =
L 30° - 2 B
X _ 20% /A O P i
40° A ) _§ b ’ ¢ ’k SLE - S~ - - = *
' 40° : - 175475 3 S
\"\ AntatEﬁ—c;'se g 0 . N \4 > - i ;
50° 7 g -‘_::: . —-—‘5— 15 //.
0°  20° 40° 60°80° 100° 120°  140° 50° % A e .~ Sl e e >
e o e PN - \‘ilgi_“-\:‘*\ _ -
: A MR-~ - alsf Sl S e, T
Soya Ship route, 1960 [ i e S ke ? el 5 \iig
60 - S Nl [l st
-ﬂ (SR iy ‘_--_
-
-80 |- -
| | | |

100 150 200 250
Longitude (E of Greenwich) (°) o]



PolarQUEEEst and schools

... Involving students
INn a real scientific measurement ...

at the edges of knowledge
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with detectors spread all over e

Ttaly P

One telescope
installed ina
Institute
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/28 Example of masterclass
with 140 students in
Centro Majorana (Erice)




Polar QuEtEEst 1928 -2018

- measurement of absolute Cosmic Ray fluxes at different latitudes
- sensitivity to low energy Cosmic Rays (“trapped” at Poles by Earth magnetic field)

Telescope with Two-Planes of scintillators
SiPM readout

50x50x30 cm? total volume

Low consumption electronics

Three telescopes built by high school students at CERN ‘

- same type detectors }
- synchronous (GPS) /

- installed on Nanuq sailboat and schools in Norway and Italy

|
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Science inside Schools



The PolarQuEEEst Network

3 PolarQuEEEst detector
Onboard on Polar Nanug
Installed in a Norwegian High School
Installed in an Ttalian High School

As usual in EEE tradition all detectt
will be mounted by students

Islanda

% 45° in latitude, span 5000 km

Portogallo

Norvegia

Svezia

Finlandia

Mare di
Barents

Bielorussia

Polonia

Romania

Gapgle

Ucraina

Turchia

Dati cartografici |
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The PolarQUEEESt detector

... an Extremely Compact Telescope ....

...full optional, anyway...

14




The PolarQUEEEst Detector

The detector

@ 2 scintillator planes

@ Distance between planes: 15 cm
a 4 tiles per plane 30 cm x 20 cm
» Each tile 2 SiPM

@ Efficiency > 96% (overall)

@ Trigger: AND among 2 planes

@ Each plane: OR among 4 tiles

. Muon rate: 10-15 Hz

. Dark rate per 2 plane (4 tiles): 3 10
Hz

» SIN~5 104



The PolarQUEEEst Detector

The detector case:

Shielding container:
@ Light tight (black)
a Directly hooked to the boat
hatch
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The PolarQUEEEst Data Acquisition System
Total power <16 W

/ Event Time
digitized event Digitization
transfer
DAQ
Pressure (Raspberry based)
Temperature
Humidity A events readout from
FIFO
probes A slow PTU data
readout
FIFO
TDC (Time to Digit
Converters)
S

PolarQUEEESst 8 Scintillators

(2 SIPM each)

16
analog




The PolarQUEEEst Detector tests

Prototypes box and
scintillators

Bachelor student during
scintillator tests

L—>
4x4 mm? Silicon

Photomultiplier ‘







