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Brief introduction to
neutrinos and their habits



What is the mean free path?

(libero cammino medio)

e Suppose you are on a walk in the street in your city
(and suppose that there is no COVID-19)

e SUppPOse you want to go from point A and point B

e For how long will you walk”



The hypothetical situation




Few friends










 [he mean free path is the average space a particle
travels between two interactions

- Depends on the density of the medium (number
of people in the streets)

- Depends on how "strong" is the ability of the
particle to interact with the particles of the
medium (fraction of friends in the population)



Standard Model of Elementary Particles and Gravity

three generations of matter interactions / force carriers
(fermions) (bosons)
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Standard Model of Elementary Particles and Gravity

three generations of matter interactions / force carriers
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the mean free path of a 1MeV electron neutrino in lead is around 1 light year! A
(~30 light years in Iron!)

<1.0 eV/c?
0

T/

electron

neutrino '

Neutrinos are among the most asocial known particles!
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Neutrino astropnysics
and astronomy



Cosm|c rays accelerator candidates
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Connection between cosmic
rays and neutrinos

radiation field
or matter

p+y->AT>a%+p

P54 A cosmic accelerator

for high-energy protons
and nuclel Is also a

+ ut
SR OLO source of high-energy
photons and neutrinos!
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n*@
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Why neutrino astronomy??

Within the ultra-high-energy cosmic-rays context, neutrinos are the only long-lived particles
that can propagate through the Universe without interacting and unaffected by magnetic
fields, thus preserving information about the emitting source.

Using HE neutrinos as a probe, instead of protons and photons, we have:

* the extension of the observable astronomic horizon;
* the possibility of an astronomic measurement (pointing the source);
* the possibility to discover far sources, which are optically hidden by other objects.
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Detection principle



How to detect a neutrino”

e Step 1: wait the neutrino to interact with matter

o Step 2: detect (all) the (charged) particles
produced In the interaction
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The Cherenkov effect

* A charged particle, travelling in a medium at a
speed higher than the speed of light in the
medium, emits light!

* You may think this eftect as the
electromagnetic equivalent of the

sonic barrier infringement « 3



Underwater Cherenkov detection technigue

Neutrino indirect measurements

sea water acts as: b
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The KM3Nel detector



KM3 Neutrino Telescope

KM3NeT is a network of neutrino detectors being built by the KM3NeT Collaboration in the
Mediterranean Sea.

ORCA = Oscillation Research with Cosmics in the Abyss —> neutrino mass hierarchy
- ARCA = Astroparticle Research with Cosmics in the Abyss —> neutrino astronomy
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KM3Ne l: one experiment, two sites

The common element is the Detection Unit (DU): vertical structure hosting 18 Digital
Optical Modules (DOMs) each one equipped with 31 3" PMTs.
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KM3Ne TI: digital optical module

e Optical module: e Launcher vehicle:
e 31 x3" PMTs e rapid deployment
e "looks" in all directions e autonomous unfurling
e directional resolution e recoverable

e optimised to look downward
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Installation on the sea bed

, ¥:k

https://youtu.be/crL.Cpt2CXDw



All-data-to-shore approach

« KM3NeT leverages a very new and peculiar technique of data
taking called all-data-to-shore.

« Each DOM acts as a node of a computer network using the same
technology that connects houses to the Internet via optical fibres.

This allows:
1. remote control of each single DOM independently

2. the distribution of a common time reference (a clock) that
synchronises all parts of the detector at a sub-nanoseconds

level

3. send all collected light signals to the on-shore computing
facility
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Multi-messenger studies

* Multi-messenger means studying the same event with multiple probes.

 Combining data from multiple observatories allows better understanding of
investigated phenomena.

* Multiple observations reduce the systematics of the discovery

e Search for a space-time correlation between HE nu and e-m emissions (y-
rays, X, radio, optical), UHECR or Gravitational Waves.

Quick alert triggered by neutrino detection —> follow-up by other observatories.

28



R e

Sowind €
Bla
WU A(_’ ()

)
.
X
.
.

i
3

- — ="
-~ . — A 2
5 5 = -
5 - - S w
- 3
- vy .
~
- - = B
- - -
- - - -
- - i

\\’I"c‘

-

-
- - o =
v'. ‘. .= - - - ” -
-. , - v - -
., o el - - -
o’ — . - 2t ) g % -
- . ot = Y 3
o - 2
= - ; =
- P - Y - 3 h 1
- - o - 3 : i
- Y K
- — v . =
- - - r
= JE-RCgsCRCX
T .— - -- x
o T - - a
= . . » 7 .
- 4 - r -~
:v - N-
-

-
.-

¢

f-
o aee
—

\‘-

<

HRO R (et
b N\

W e
\ .
\ -
\ -
-
-
J -
; ~
-
3 ~
3 -
- : '
- - E :
3 -
. -
-
= -
- ~ -
~
-
-

Credit P. Coyle



https://twitter.com/km3net/status/122517325155662644 1
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Conclusions

« KM3NeT is and will be a network of enormous
neutrino detector to win the challenges of:

e discovering high-energy cosmic ray Sources
* unvell the CR acceleration mystery

* do fundamental physics studies in the neutrino
sector

* |s already taking data while it's being built!
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