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INFN @ KM3NeT Outline

The scope of this talk Is getting an understanding of

A Neutrino telescopes A physics goals
A what they do

A Km3Net A what it does
A the involved technologies
A how it works and its performances

A ARCA UHE A what we have seen (KM330213A)
A how it was seen
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INFN () KM3NeT A new window Into the Universe 4

radio/microwave infrared/optical gamma-rays neutrinos cosmic-rays

A Photons can be absorbed by ISM
A Charged are affected by B -fields and interact w/ CMB

cosmological max of star formation opaque to photons;
10° transparent to neutrinos
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Supernovae, SN relics, Pulsar Wind Nebulae, ~ Active Galactic Nuclei,
Dark Matter particle annihilation? Black hole mergers?

...................................................................................................



Multi -messenger astronomy IS
becoming the most sensitive
approach to astrophysical
event detection, especially for
transient events

A KM3NeT actively monitors and analyses a variety
of external triggers in real -time, Including alerts
due to IceCube neutrinos, Fermi/Swift GRB, HAWC
gamma -ray transients, LIGO -Virgo -KAGRA
gravitational waves, SNEWS neutrino alerts, and
others

A KM3NeT has a real -time analysis framework
making it possible to send HE neutrino alerts

Multi -messenger approach

see deeper into sources | g, ce region, e. g.

surrounding dust clouds,

Understand the

— Galaxies... prod uc tion
3“6’”"3’ mechanism of
Interstellar -ravs
Active Galacti cleus AGN dust clouds y-ray
Gamma Ray Bu Satellite
experiments
\\-
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‘, Cherenkov
detector
N as

Intergalactic

learn what is " magnetic fields

the origin of
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Neutrino-nucleon cross section, ¢ [1073% cm?]

Neutrino detection

Neutrino flux « [eV’ lem ?s 1]
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nen @aener  UNderwater telescopes in the world

. In China also:
Baikal-GVD «  HUNT ~30 km3in Lake Baikal or
in construction the South China Sea
ANTARES 1km® http://hunt.ihep.ac.cn/
KM3NeT/ORCA dismantled SRR NEON ~1 km?®in the South China
in construction (20%) 4 n1km? N A

‘ | X R Sea
8Mton Tt A “v N https://pos sissa.it/444/1017/pdf

~

DUMAND
pioneer project

KM3NeT visibility

up-going tracks TR

IceCube visibility

' HESS J1825-537 ; up-going tracks
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Km3Net
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Cities and Sites of KM3NeT

Australia

South Africa

+ Harvard University
(USA)
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Km3NeT 9

KM3NeT Is a Mediterranean research infrastructure
hosting two neutrino detectors and instrumentations for
earth and sea sciences

Km3NeT/ARCA
AstroparticleResearch witlCosmicen the Abyss

A Observationof highenergy(GeV= Pe\)
neutrino sources with a telescope offshore Capo
PasserdSicilyltaly) at a depth of ~3500m

Km3NeT/ORCA
Oscillation Research witbosmicsn the Abyss

A Neutrino oscillations with a detector offshore Toulon
(France) able to detect neutrinos of tens of GeV at a
depth of~ 2500 m

65+ Institutes, 22 countries, 5 continents
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ACosmic neutrinos
Alntense multi -messenger activity
AAtmospheric neutrino oscillations:
AOscillation parameters
ANeutrino mass hierarchy
ANon -standard physics
AParticle physics properties
Alndirect search of Dark Matter
AExotic particles
ABeyond the SM Physics

+ oceanology, biology,
seismology and more!

Physics programme
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Exploit Cherenkov light to detect (and track) charged particles ensuing neutrino
Interactions In large masses of instrumented water

Moisey Markoy1908-
1994

i % Bruno
o - % Pontecorvo
. ‘\ ¥913-1993

M. Markov

AProponiamo di installare rivelatori in profondita in
un lago o in mare e di determinare la direzione
delle particelle cariche con l'aiuto della radiazione
Cherenkov. o

1960, Rochester Conference

Pavel A. Cherenkov
1904-1990

11
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ARCA and ORCA
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nen @ener  Cherenkov emission and propagation

light " "
ligh detection Cheren kOV emission
propagation . . e v
\/J Electromagnetic radiation emitted when
Neutrino
[ cross SECTI/J I a charged particle traverses a medium
.-"f rx/ - \ . . .
_neutrino " AR EY T N with a velocity higher than the phase
A\ N\ velocity of the light in the medium
[ muon N l
energy loss
> =1/n
- fow km ﬁ Bthr
2 The number of Cherenkov photons N emitted by a charged particle of
dN 2na 1 C P y ged p
% = 22 - ﬁzng V>— charge ze per unit wavelength interval dA and unit distance travelled dx
n
The number of photons in the wavelength between 300 and 600 nm and High numbers of photons at low wavelength
distance unit: dN (blue)

N = 76500- sin” @ , ~ 34500 fotoni/m
X

Huge amount of photons

Photons emitted at 6, w.rt the track direction
1 n water/ice refractive index

fn

cosO,=— || _135 @ =422° Emission angle defined

13



nen @ener  Cherenkov emission and propagation

0°FE

Ox Ow

llya M. Frank  Igor Tamm
1908-1990 1895-1971

Frank-Tamm formula

In seawater:

B q2 C2
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Deployment

Deployment
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N DU deployment 16

,_

- kR Remotely operated Detection Units Interlink cable
Submarine
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Construction status

17
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How It works

How It works
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Detection Unit (DU)

N

acoustic beacon

Technology

Detector Optical Module
(DOM)

A 17-inch glass sphere
A en | eyy &Vyr
A FPGA controlled main board

Built -in positioning and timing calibration systems
A nanosecond LED beacon

A Piezo transducer

A Compass + IMU

Base Module (BM)  with hydrophone + acoustic beacon
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DAQ overview

A Trigger -less streaming readout DAQ model A all data to shore
-filtering performed onshore in the computing resources in the shore station

A All complexity of data

Off-shore

Detector:
DOM/Bases

C,
& B

Fast Acquisition
Data - FAD

(Optical, Acoustic
Monitoring)

A 4

Time Sync
Data

» o

All FAD
to shore

On-shore

. s Remote facilities
(shore station facility)

. . . A julia
Trigger and Data Acquisition wc Monitoring and e
System On-line Multi-Messenger ijm E

&2

docker

Incoming
all FAD

RAW
LAN

White Rabbit PTP
(WR)

Slow Control Data

(Commands and
instrument data)

UDP/IP

Q Class A

GPS

Hybrid-Asym.
WR-Ethernet
1-10-25GbE

(TriDAS) @ services g

FLTR
LAN

10-25GbE
TCP/IP

Selected

External!
Links
10 GbE '
TCP/IP
Class C |

LAN

Std. Ethernet
1-2 GbE

TCP/IP
Class B

Control Unit
(CU)

& OmIAE

approach

A DOMs are 1GbE submersed ethernet nodes
connected to shore via optical fibres

A Timing distribution with < 1 ns accuracy and
100 ps precision across all DOMs via White
Rabbit Technology

A Large throughput from the detector O(100)
Gbps

A Large band - high performance network
Infrastructure on shore

A Scalable on -shore computing facility growing
along with detector stages of installation.

A On-shore data reduction by 1:10 3 A recorded
data to disk: O(1) TB/day

21



INFN (@ KMaNeT LO trigger and noise
A Each PMT is readout using a 0.3 photoelectron threshold
A Hit timing and charge (Time -Over -Threshold) are digitised with 1 ns precision
A Timing resolution of single PMT approx. 1 ns (dominated by PMT TTS)
A Coincidence between PMTSs using timing and direction -based causality filters
R < 10° T
% 10° KM3NeT DOM =
< 104 —— Data - 40h 4min =
T — P
107 B Combinatorial Background —é
10 =
1 E
10™ =
10° ORCA -
107 E
10° + L
{
5 10 15 20 25 30

Coincidence Level

A Optical bkg mostly from K -40 decay: 8 kHz/PMT A 340 Hz 2 -fold coincidence
A K-40 decays A 150 Cherenkov photons / decay A also used for pair -wise
timing offset equalisation between PMTs

22



+ SN neutrino detection

Main event topologies 23

Track -like events A angluar resolution < 0.1 ° at En>100 TeV E resolution D factor 2

Shower -like events A angularresolution<2 ° atEn>100 TeV E resolution D6%

CC v+ all flavours NC CCv, Atmospheric muon

BB D

=+

o 7
R

Ve 2T+ shower



INFN (D KM3NeT Reconstruction

W

Use track or shower hypothesis to select hits Is a robust coincidence window
Reconstruct vertex and direction of event

Estimate track ( dE/dX) or shower (deposited) energy, given reconstructed track
or vertex

Track Hypothesis Shower Hypothesis

*
A d
*
*
*
*
.
-
-
*
*
.
*
*
*
*
*
*
*
.
*
*
*
*
*
*
-
*
*
"
*

L
R
o
L ‘O‘
& >
- id
L
L4

.ower
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Path lengths In water
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