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Neutrini cosmici e astronomia

Neutrini:

> Particelle neutre: non sono deviati dai campi magnetici
galattici o intergalattici

> Interagiscono debolmente con la materia: possono
attraversare ambienti densi senza essere assorbiti

possono viaggiare in linea retta, consentendo
osservazioni astronomiche su un ampio intervallo
di distanze e di energia

> forniscono una chiara evidenza dell'esistenza di processi
che coinvolgono adroni (particelle costituite da quark)

> Correlati in tempo e direzione con le onde
elettromagnetiche e onde gravitazionali: consentono
I'astronomia multimessaggera, ovvero |'osservazione di

o (=)
Italiadomani | HOW
paNo NAZIONALE INFN \\/;

eventi cosmici attraverso diversi tipi di segnali (neutrini, Neutrini eccellenti messaggeri cosmici

onde elettromagnetiche, onde gravitazionali).

per studiare I’Universo

Missione 4 e Istruzione e Ricerca
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Rivelazione dei neutrini cosmici

Abissi
marini

Sensori
ottici

Luce Cherenkov
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Perché in fondo al mare?

> Mezzo trasparente per la propagazione della luce Cherenkov protone

protone

> Dobbiamo schermare il rivelatore dai raggi cosmici

> Per rivelare il flusso di neutrini cosmici occorre un rivelatore dal
volume di 1 km3

KM3NeT,

.. neutrino
cosmico

protone

Missione 4 e Istruzione e Ricerca
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“?‘%Qbiettivi Scientifici:

Ricerca di sorgenti di neutrini
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et } Capo Passero ~di alta energia nell'Universo
v 3500 m o ~ Ricerca di Dark Matter

‘ « Osservazioni multimessaggero
dell’Universo
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KM3NeT: tecnologia e infrastruttura

» Sensori ottici: DOMs (Digital Optical Module)
» Stringhe: DU (Detection Unit) Infrastruttura/lL

* Infrastruttura sottomarina: cavi elettro-ottici di interlink, JBs (Junction
Boxes) & toers
DOM )
@
@
@
@
@
@
s @
@
E @
o @
O @
N e
@
6 -
Sfera di vetro di 17” g Junction
31 3" PMTs @ BOX
LED and Piezo ®
Elettronica di front-end -

G DU Missione 4 o Istruzione e Ricerca
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2 X 115 Detection Units
4140 DOMs

3500 m di profondita
~ 90 km dalla costa

Google Maps

o (=)
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ARCA
(Italy)

Main electro-optical cable

BLOCK 2
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KM3NeT/ARCA: esplorando l'universo a diverse energie

Il telescopio KM3NeT/ARCA permette di studiare fenomeni astrofisici su un ampio spettro di energie.

ENERGIA DEL NEUTRINO

Extended Mantle

-'{070‘“' =* 1

. Ricerca indiretta di Rivelazione di sorgenti neutrini cosmici
Esplosioni di Super Novae

MeV

Dark Matter Astronomia multimessagera
TeV TeV

Missione 4 e |Istruzione e Ricerca
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Perché nel mar Mediterraneo? S

v ~ S Molecular clouds
% 220 L Others
Binary Systems
AGNs

E
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In China also:

: ...‘, é: w 2 3 HU NT ~30 km?in Lake
P-ONE o 3@ . ~ Baikal or the South China Sea
R&D phase ¥ 7. SR - Baikal-GVD http://hunt.ihep.ac.cn/

In construction NEON -1 km3in the South

KM3NeT/ORCA ANTARES ' v 1km3 China Sea https://pos.sissa.it/
In construction (14%) (dismantled)iu R ey 444/1017/pdf

8Mton ¥%0.01 km? _ " S 3

R&D phase
« TRIDENT
HESS J1825-137 HESS J1303-638 Vela X

-8 km3 RO J1908+06 RXJ1713.7-3046  MSH 15-52 RX J0852.0-46%2
' 1
4 - “ T oA o o1
e g OO Y x Qo5

0 .30° 0

v
e
A

Aitoff ube-G
Projection ¥ lceCube -8 km®

Operativo: ICECUBE dal 2011 (1 km3), ANTARES 2008-2022 (0.01 km?3)
In costruzione e operativi: KM3NeT (1 km?3), GVD-Baikal (1 km3)
Futuri: ICECUBE-Gen2, P-One (R&D Canada), Trident (R&D China, 8 km?3)
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Transient

[/
> |Implementazione delle Multimessenger liaisons: - :"/ ///;/QJ// =

. . . .. . . Missions
calibrazione del rivelatore, analisi dei dati e supporto alle // -}
TR . . A { w-frequenc
attivita multi-messaggero e astroparticellare; _ ‘ \ .S_EI\\\@MO,,- ps ®  TRadoAmays,
S . /Radio &
oy S (7 ) a “ 2N
? j wa Gravitational Wave

SmallSats Interferometers

" \ / General Coordinates Ground
L Y

Network (GCN)

CubeSats

Ground
Stations Cherenkov <54
Telescopes ?

Obtical Neutrino
Telescopes - Detectors

> sviluppo e implementazione di algoritmi e strumenti
per l'analisi in tempo reale di alet esterni, nonché la
configurazione dei software per la generazione di alert
KM3NeT da distribuire alle comunita multi-
messaggera.
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MULTIMESSENGER ASTRONOMY WITH KM3NET

* Traditional astronomy is no longer the only way to * Multi-messenger astronomy is astronomy based on the
observe the high energy Universe coordinated observation and interpretation of signals
carried by different "messengers":

No longer like this

-4 N
a look.
S /\

Sy

N
A\ \ ‘

fr—

L

GRAVITATIONAL
WAVES
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Photons Py 4 Comic rays (nuclei)
e One cosmic accelerator, or astrophysical source, can emit more than ’ |
one messenger

e The multi-messenger astrophysics involves combining
observations of the same events with different messengers

" ‘ 9.1 S  d 3 X . .'
Neutrinos : & % L & Gravitational Waves

AGN / Blazars

Starburst galaxies

e
g

Tidal disruption events

Gamma-Ray Bu

e Istruzione e Ricerca



e MULTIMESSENGER ASTRONOMY WITH KM3NET

e Neutrinos are produced during the process of nuclear fusion in the sun: the nucleus from ges"
the simplest element, hydrogen fuse together to form a heavier element, helium.

FACT: about 65 million neutrinos pass
through your thumbnail every second.

NOT ONLY... BUT ALSO COSMIC RAYS

Sun not only gives sunlight but also
neutrinos !!!

e Solar cosmic rays are photons emitted by the Sun
during periods of intense flare activity

7
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.. gamma rays are generated in the solar atmosphere.

Different eyes are needed to capture information such as light,
neutrinos and cosmic rays.

Y —

For high energy photon such as

gamma-rays we use space telescopes.
N
\ Ground based

- telescope capture

Olar atmOSphefIC neutn . different energies
O

of photons coming
from the Sun.

w Atmospheric
,_:“; neutrino

For neutrinos we use (&

detectors as IceCube and OS’D/C
KM3Net. ra

Missione 4 ¢ Istruzione e Ricerca
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oFA UNICT MULTIMESSENGER ASTRONOMY WITH KM3NET

http://www.ifae.es/eng/magic-gallery.html

https://www.nasa.gov/content/fermi/overview

https://www.ligo.caltech.edu/image/ligo20

A

http://www.ung.si/en/research/cac/projects/auger/ https://icecube.wisc.edu/gallery/press/view/1336

Missione 4 ¢ Istruzione e Ricerca
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Fermi
We have a large variety of wide-field and pointed instruments l
Different observational strengths: }\3‘
Gamma ray: timing, spectrum, particle acceleration signature Gemini

X-ray: timing, good localization, low background
Visible/IR: precise localization, spectroscopy (& redshift), thermal signature
Radio: late-time synchrotron afterglow, precise localization
Neutrino; timing, particle acceleration signature

Gravitational waves: timing, distance, mass parameters

nuclear reactions occurring inside stars: to learn how matter evolved
from simple particles into more complex composites of particles

Missione 4 ¢ Istruzione e Ricerca
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Successul MM event: GW170817

e On 17th of August 2017, multi-messenger astronomy related to GWs had its breakthrough: the LIGO-Virgo network observed a
GW signal of two low-mass compact obiects consistent with a neutron star binary (GRB170817, GRB170817A)

0 0 Lightcurve from Fermi/GBM (10 — 50 keV)
Z 2250
? 2000
< 1m0y )
z 1500 Short GRB Radio afterglow
2 12501
Q) 1750 4
§ 1500
..i 1250
o004k i +5.23hrs +10.87 hrs +16 days
_; 750 e
Q Lighl4-|1|'\1vv1’n»m INTEGRAL/SPI-ACS s .
HV sky localization UV/Optical/NIR Kilonova
8 117500 | Ny ' ny 108 d
'E 115000 4
? 112500
100
= 300

200

Frequency

100

4 2 0 2 4 6
Time from merger (s)
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(qaNetaRR T | No Neutrino Counterpart to GW170817

oFA UN\CT O
79° e
60°
455 A =
305 e o
Tall 2
e, X
15° W .
N ) S
o f TceCube up-going oA, X )
150 \ A1l o'/ [——GW (90% CL)
- - U / + NGC 4993
_ 30 N /4 ¥ neutrino candidate (IceCube)
¢ neutrino candidate (ANTARES)
—45° ... .| =mmem= IceCube horizon
= == ANTARES horizon
—60° [ ]Auger FoV (Earth-skimming)
_ 750 o [ ]Auger FoV (down-going)

[Albert et al. (ANTARES, IceCube, Pierre Auger, LIGO and Virgo) 2017, ApJL 850, L35]

oy Missione 4 ¢ Istruzione e Ricerca




Ministero
dell’Universita
» @ della Ricerca

Italiadomani

.t Finanziato

. * =

«~ » | dall'Unione europea
s NextGenerationEU

k

KM3NeT: the multimessenger program

QP PosS (ICRC2023) 1125

EM/MM external facilities

SENDING ALERTS

Send neutrino alerts to external communities for
subsequent follow-ups

Data AcQuisition (DAQ)

KM3NeT ORCA and ARCA RECEIVING ALERTS

. Sendingal - ing (high- inoal i in real-time be the end of 2024)

In the project KM3Net4RR
DFA UNICT is DIRECT invo

NORKT IN I
PROGRESS

lved to the multi-messenge

Multimessenger analysis betweenn

r analysis, especially in:
KM3Net and gravitational waves

eutrinos from

Missione 4 ¢ Istruzione e Ricerca
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KM3NeT follow-ups of MM external alerts

GRBs/Transients Event 19573630087826.0 || . ’ ~ Neutrinos

.

GWs

mwma"‘ ‘H

WAL

{

»

g R ¢
} ’ i t g

Four kinds of online analyses are in place to look for temporal and spatial
coincidences among the KM3NeT reconstructed events and either: Current analysis consig

. ) onsider onl
» GRBs; track-like events due to theirV
»  GW extended region; best angular resolution
» Neutrinos identified by IceCube;

» Transient events (e.g., flaring/variable objects).
QP Pos (CRC2023) 1125, PoS (ICRC2023) 1521

4&

Missione 4 ¢ Istruzione e Ricerca
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In the project KM3

Net4RR, the DFA UNICTi

s DIRECT involved to the multi-messenger analysis

MULTIMESSENGER ASTRONOMY WITH KM3NET

e GW-HEN coincidence analysis, example:

A GW alert was sent out to the community,
with the following information:

L1IIIIIIIT 7000000070700 70 0700770000707 0077077770707000701077777177711117177

TITLE:

NOTICE DATE:
NOTICE TYPE:
TRIGGEK _NUM:
{"RIGGER_DATE:
’RIGGER_TIME:
SEQUENOT .
GROUP_TYPE:
SEARCH_TYPE:
PIPELINE TYPE:
FAR:

PROB_NS:
PROB_REMNANT:
PROB_BNS:
PROB_NSBH:
PROB_BBH:
PROB_ MassGap:
PROB_TERRES:
TRIGGER_ID:

GCN/LVC NOTICE
Tue 14 Jan 25 08:22:33 UT

LVC Preliminary

D4LIVLl1l4aXx

20689 TJD; 14 DOY; 2025/01/14 (yyyy/mm/dd)
30123.222656 SOD {08:22:03.222656} UT

1

CBC
Allsky
spiir
.112e-27 [Hz]
[range is
[range is
[range is
[range is
[range is
[range is
[range is

=]

per 2814402821615638282240.0 days) (one pe

O OoCOoOCO® U -

coocoocooo0
1
FRRERRRPRRFEO

https://gracedb.ligo.org/api/superevents/SZSO114ax/fi1es/bayestal
Ittpurgravedbrligororyr vaperevente 0250ty view’

LVC Preliminary Trigger Alert.
This event is an OpenAlert.
LIGO-Hanford Observatory contributed to this candidate event.

LIGO-Livingston Observatory contributed to this candidate event.

- After “digesting” the GCN information
- Online pipelines starts
- Temporal and local coincidence between KM3Net neutrino and the GW

40° 4
c
O 30° 1
P
@©
£
O
[
()
20° A
10° 4
-------- 50% contour ON region ® KM3NeT events in ON region
—— 90% contour Region above horizon at tp % Other KM3NeT events in signal TW

165° 150° 135°
Right Ascension (°)

No neutrino coincidence

related to the time and localization of the GW

Missione 4 ¢ Istruzione e Ricerca
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Successful MM analysis can have impact in major astrophysical fields
as for example the discovery of GW170817

Radioactively powered transients

|
Relativistic astrophysics . Nucleosynthesis and
% enrichment of the Universe

Compact object

formation and evolutlo‘r/ ar matter physics

Cosmology
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Kilometer Cube Neutrino
Telescope for Recovery
and Resilience
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