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AGNs, SNRs, GRBs...

black
holes

They are charged particles and

are deflected by magnetic fields.

* X
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Gamma rays -
They point to their sources, but they
can be absorbed and are created by
multiple emission mechanisms.

Neutrinos

They are weak, neutral
particles that point to their
sources and carry information
from deep within their origins.

air shower

+ Gravitational waves
They travel unimpeded but
attenuate over distance and
are generally poorly localized

Hadronic scenario
p+ p/’y —- X + 7V also leptonic production
f\,r + ,-\)/
p+p/y— X+t \ . .
v + (—) only hadronic production
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cosmological max of star formation opaque to photons;
10° - transparent to neutrinos
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¢ ' Neutrinos are ideal messengers in the
- search for distant astrophysical sources
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Different cosmic messengers have different observational strengths and provide complementary information
about emitting sources — early notifications between observatories is crucial to study transient phenomena
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essenger.observatories
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[ KM3NeT - ORCAY)|

J [@KM3NeT - ARCA |

Mediterranean sea South Pole

complementary to
>

visibility in the upgoing sky visibility in the upgoing sky

M. Mastrodicasa® o The' KM3NeT online processing for multi-messenger alerts




Digital Optical Module
(DOM): 31 x 3” PMTs

OOIED)

89

Array of strings with 18 DOMs/string detecting

Cherenkov light produced by secondary particles
arising from neutrino interactions—direction and
energy of neutrinos inferred from hits on PMTs
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N ORCA

Greece

Athens
ABriva

e
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detector

elescope under construction in the Mediterranean Sea

' ltwo different sites

> 1 km? neutrino t

Astroparticle Research with scillation '‘esearch with

Cosmics in the Abyss (ARCA) osmics in the / byss ( )
Location Italy, 100 km offshore Sicily France, 40 km offshore Toulon
Depth 3450 m 2450 m
String distance 90 m 20 m
DOM spacing 36 m 9m
String height 800 m 200 m
Instrumented mass ~1 Gton ~7 Mton
No. strings 115 %2 115

[ ARCA (ORCA) currently taking data with 28 (23) strings! ]

: The KM3NeT online processing for multi-messenger alétts



=3 3 ' & : Z " <
° RCA: optimised to identify and study TeV-PeV astrophysical neutrino sources

o) ""\‘t 3 -
Sesi =T

: optimised to study the intrinsic properties of neutrinos in the few GeV range

ARCA

ORCA + ARCA ORCA - >
-¢ .

MeV GeV TeV PeV

Neutrino oscillation/

Supernova neutrinos )
mass hierarchy Dark Matter

High energy neutrinos

[ Different primary goals but both can be used for neutrino astronomy from few MeV to few PeV ]
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The KM3Ne Eréal-time!
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KM3NeT ARCA and ORCA

Follow-up of external alerts received from
the multi-messenger community and search
for spatial and temporal coincidences

LOADING...

\— Sending of alerts when potentially interesting
H events are detected to trigger follow-ups
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ThedKM3Nedfreal=titeanalysis framework

ORCA
SN processor shore E
station vent Events DB R3ssctiy
writer

ORCA . SN module
RTA dispatcher " 2 Neutrino alerts
DAQ £ ¢ :
= “ EXTERNAL
. 2 TS. Online analysis
Reco Tracks+Showers, Classifier Multl-messenger dlspatcher pipeline
RESULTS
=]
< n
20 BE
& o]
ARCA o E 4 &
SN processor shore = Alerts DB
Station & GCN alert Alert
handler sending
ARCA ) Internal shifter tools
RTA dispatcher
DAQ Credit: M. Lamoureux

Other telescopes
Reco Tracks+Showers, Classifier

The' KM3NeT online processing for multi-messenger alerts

M. Mastrodicasa on:behalf of the KMSNéT Collaboration =




ThedKM3Nedfreal=titeanalysis framework

ARCA 3
DAQ RTA dispatcher

ORCA
SN processor shore
station
ORCA
RTA dispatcher
DAQ P
———r Reco Tracks+Showers, Classifier
This talk
ARCA
SN processor shore

station

Reco Tracks+Showers, Classifier

See talk by V. Cecchini
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https://agenda.infn.it/event/35353/contributions/235736/

Theonline{€ESNsanalysis module

ORCA
SN processor shore
station The MeV core-collapse analysis module sends
ODFZ%A RTA dispatcher alerts to the SuperNova Early Warning System

(SNEWS) with a latency lower than 20 s and a
false alarm rate less than 1/week

Reco Tracks+Showers, Classifier

ARCA
SN processor shore

@

station

ARCA

DAQ RTA dispatcher

Reco Tracks+Showers, Classifier

PO PO

G

MeV v_interact via inverse-beta decay
— short tracks visible in single DOMs
— search for excess of coincidences
between PMTs in single DOMs
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The KM3Neltonlinerecotistruction and classification

ORCA Reconstruction and classification serially processed
SN processor shore ORCA23
station Track&Shower
AT reco outputs
ORCA . '-'-:-:-:-. . Triggered event — + Score ulv
DAQ RTA dispatcher --- —— | Track reco + Shower reco + Classifier | —>
All data
to shore
Reco Tracks+Showers, Classifier
ARCA Parallel processes
SN processor shore ARCA28
station Track reco Track reco outputs
ARCA : SR |
DAQ RTA dispatcher Joi Tr_lgig_eride_ven’t SHEWEF Toen Sho_wer;eco outputs
’ All data
s Score p/v
to shore Classifier —_—
Reco Tracks+Showers, Classifier

§f M. Mastrodicasa et al. [KM3NeT], PoS(TAUP2023)273

]) ., Multi-core processing in place to handle the h1gh trlgger rate
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https://pos.sissa.it/441/273/

The KM3Neltonlinerecotistruction and classification

ORCA
SN processor shore

station

ORCA

DAQ RTA dispatcher

Reco Tracks+Showers, Classifier
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ORCA23
Track&Shower
AT reco outputs
e Triggered event — + Score pu/v
‘ --=- —— | Track reco + Shower reco + Classifier | —»
All data
to shore
3 — Median: 9.6 s
1075 distribution (7.5 s) + —— Average: 10.0s
" track reconstruction (0.9 s) + .
‘qc'; shower reconstruction (1.2 s) In medlan, ORCA
> 1 2]
: 0 KM3NeT preliminary events are processed
5 and ready to be used in
Q . .
S101] real-time analyses in
less than 10 s
1094 1 1

Reconstruction and classification serially processed

10 15 20 25 30 35 40
Total Processing Time [s]
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The KM3Nedtonlinefreéconstruction and classification

. KM3NeT preliminary —_ jege: o7 ¢ KM3NeT prelimjnary A KM3NeT preliminary — aeree: o0+
10
10° distribution (6.5s) + | 1’ :
p distribution (658) + |y hoer ; distribution (65 5) + In median, ARCA
2 o) track reconstruction (0.25) | & truction (035) | £ _ dlassification (03s) || events are processed
2 210 10
3 . : and ready to be used
£ N . in real-time analyses
inlessthan7s
10 100 10° n m_|
650 6.75 7.00 7.25 750 7.75 800 825 6.7 6.8 6.9 7.0 ; 68 70 72 74 76 78
Total Track Processing Time [s] Total Shower Processing Time [s] Total Classifier Processing Time [s]

aunca Parallel processes
SN processor shore ARCA28

station Track Track reco outputs

.. rack reco —_—

ARCA ] .°:’,' .' )
DAQ RTA dispatcher Jein Tr_'%%erfd evenit CHGWETTSED Shower reco outputs

) All data _—

- core j/v

to shore Classifier oy

Reco Tracks+Showers, Classifier
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Angular resolution [deg]

KM3NeT/ARCA28 Preliminary
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KM3Nefionlinelévent classification

Boost Decision Tree (BDT) classifier
ORCA
Silipgocessar shore Score p/v between 0 and 1 to separate neutrinos from

TS the atmospheric muon background

Q Transparency
O Requires reconstruction output as input

ORCA

DAQ RTA dispatcher

Reco Tracks+Showers,| Classifier
. MC

s
+

10°
KM3NeT preliminary

Events in bin
iy
[~
w

4 6

neutrino_score
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KM3Nelilonlinelévent classification

ARCA
SN processor shore
station
ARCA .
DAQ RTA dispatcher

Reco Tracks+Showers| Classifier
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Graph Neural Network (GNN) classifier

Score /v between 0 and
1 to separate neutrinos
from the atmospheric
muon background

No reconstruction
output as input

O Black box problem

1024

0

10-°

ARCA28 livetime = 4.8 days

e data
[ atm muons

KM3NeT preliminary

4
g
|
8 . - o’., ¢ ++ I II
e Temete ,‘ +. ot f TT
0 1 2 3 4 5 6

- Log( 1 - Neutrino Score )
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KM3INelFonline event rates

—e— Tracks: Reco Level [Hz]
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i e — T reconstruction
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o KM3NeT (ARCA + ORCA) is a neutrino telescope under construction in the Mediterranean Sea

e ARCA and ORCA can both be used to do neutrino astronomy from a few MeV to a few PeV
e ARCA and ORCA are currently taking data with 28 strings and 23 strings, respectively
e Real-time multi-messenger searches are a key component of the KM3NeT program

e The KM3NeT real-time analysis framework is operative, continuously reconstructing KM3NeT
data and performing real-time follow-ups of external alerts

e ARCA and ORCA events are reconstructed and classified within the KM3NeT real-time analysis
framework in less than 7 s and 10 s

e KMB3NeT size is growing and work is ongoing to start sending alerts to the external
multi-messenger community — most exciting time has to come yet!
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ARCA

ARCA1

2016

2016
IceCube alert
system
implemented

KM3NeT, timeline

2021
Start of the implementation of
the ARCA online framework

ARCA2 2017 ARCAG6 ARCA9
TXS 0506+056
& IC-120922A .
2017 2019 2021
2019

Start of the implementation of
the ORCA online framework
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ARCA21 ARCA28
2022 2023
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10
104
103
102

10

Events per building block (in 500 ms)

Expectédmiumberlof events for CCSNe

KMB3NeT 115 strings

v ARCA background

KM3NeT A ORCA background
I 40 M, at 10 kpc
27 Mg at 10 kpc
11 M, at 10 kpc

A
A
A
A
4 5 6 7 8 9 10 11 12
Multiplicity

Number of events (in 500 ms)

Multiplicity: number of unique PMTs involved in a coincidence
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ARCA 29 strings + ORCA 24 strings
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A ORCA24 background
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—— Total background

KM3NeT preliminary
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A

6.5
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Multiplicity
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KMsNéT, dqta flow

________________________ After DataFilter, different flow
Onshore station between online and offline

Vv LO hits collected
in AT = 100 ms

| ARCA/ORCA

=5

—»
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its collected by the detector components o : Q| Ao
and are directly sent to the shore stations B AL LLELEECL L o SELEEELIELELLELLL 7 LLEL LTI LELL % ‘ Distribution
: 2 ) DataQueue DataFilter 4 )Filtered data < | Reco
' collects hits applies different (among which b | SuM Classification
' (unfiltered data) trigger algorithms EVT, namely \
: and organize and select triggered events) -| Online framework |-
1 - ] them in different | different event are sent to the fe

frames types DAQ dispatcher
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Atm05pheric background

Interactions of cosmic rays in the

atmosphere generate atmospheric
muons and neutrinos

Atmospheric muons and neutrinos can
reach the detector

Earth can be used as a screen for all
particles, except neutrinos

Looking at high energies, cosmic
neutrinos flux is higher than that of
atmospheric neutrinos
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EM shower /" _

EM shower

cosmic ray (p, o, Fe ...)

atmospheric nucleus

"

r

nugleons,
K-, etc.
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rich

e Interactions of cosmic rays in the
atmosphere generate atmospheric
muons and neutrinos

e | Atmospheric muons and neutrinos can
reach the detector

e Earth can be used as a screen for all
particles, except neutrinos

e Looking at high energies, cosmic
neutrinos flux is higher than that of
atmospheric neutrinos
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S aAtmospheri@background

e Interactions of cosmic rays in the
atmosphere generate atmospheric 10° — et
d : b Up-going :  Down-going
muons and neutrinos 107 | .
: . af :
e Atmospheric muons and neutrinos can wr —— Atmosphefic A
F muons, 3
reach the detector 10° | h=1680 miw.e. -~
5 107} : / ]
e | Earth can be used as a screen for all _/_ -2 : £ . . ]
. . o 5 1 / == Atmospheric 1
particles, except neutrinos g 107 ; muons, 1
~ 4 h=3880 m.w.e. ]
. . . . ; % 10" 3 .
e Looking at high energies, cosmic comery 1 g U} :
D . . A3 [ '
neutrinos flux is higher than that of l =k B _ 5
atmospheric neutrinos LB K
10" | —— \, induced, E>1 Tev ( 1
¥ 10'16 ; . N N s E L N L R i
1.0 08 06 -04 02 00 02 04 06 08 1.0
cosmic ray cos®
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Atm05pheric background

Interactions of cosmic rays in the
atmosphere generate atmospheric
muons and neutrinos

Atmospheric muons and neutrinos can
reach the detector

Earth can be used as a screen for all
particles, except neutrinos

Looking at high energies, cosmic
neutrinos flux is higher than that of
atmospheric neutrinos
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