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Aviyveuon NeTplvo

210 mpoodato rmapeABov:

* Aviyveuon vetpivo armo tov nALo B

= amnodelkvUovtac OTL N eVEPYELA TOU HALOU TtapEXETAL Ao ouvTnén
e Aviyvevon vetpivo amo supernova (1987) =

= 20 (Kamionade: 12) supernova vetpivo — emBeBaiwon tnc BaotKAC

BewpnTLKNC €LKOVOC TOU BavATtou evog AoTpou -

ADXIKEQ TIELDAUATIKEG UETPACELG:  OPLBUOG TwV vervao nmou ¢ptavouv otn M T T
armo tov HAlo: ~1/3 tou avapevopevou ano tn Bswpla  “solar neutrino puzzle” N?Z‘Iﬁ;
Aviyveutéc Super-Kamiokande & SNO: ta vetpivo amd tov HALo Se xdvovtal * ArthuB .

kKaBwc tagdbevouv poc¢ tn 'n aAAd aAAdlouv TautoTNTA ENobeI Prize 2015]

H aAAayr) Tng TAUTOTNTAG TWV VETPIVO UITOPEL va
YLVEL HOVO av Ta VETPivo €xouv pala

To kaBlepwpevo potumo dev amoteAel mANRpn Bewpia Twv
BepeAlwdwV CUOTATIKWY TOU ZUUTTOVTOG




Avixveuvon Netplvo

VETpivo 6' aviyvevon VETpLvo: pLa tpokAnon \
» Oev €xouv NAeKTPLKO dopTtio e Aviyvevon 2000 vetpivo amo tov HAlo oe pa repiodo 30 etwv!

* £Youv apeAntea pala * Avixveuon 12 vetpivo amo ta 1016 vetpivo mou mEpaocav HEoQ

e TPAKTIKA v amoppodwvtal aro tov aviyveutn Kamiokande!

> TS, TGN ST LTy * Muwa cuyxpovn HolLkn EKTTOUTTH VETPLVO tapatnpnOnke 2-3 wpeg

\ mpwv TNV adeén tou pwtocg amo to SN 1987A otn M. /

 Avixveuon vetpivo amno tov AAto V'
« Avixveuon vetpivo amd supernova (1987) v’
* Avixveuon vetpivo amno yaAaflokec Kot Ew-yaAaLaKEC TTNYEC

> vetpivo we popeac mAnpodopiacg yla ta patvopeva VP nNARg eVEpyeLac oto Zuumnav (neutrino: the
twitter XX of the Universe)
> vetpivo — €opun cwpatidiwv amo tov oupavo yla tn dlepelivnon BAoLKWY EPWTNUATWY TNC

human-made

Zw LlOLTL5 LOLKr']q (DUO'l,Kr’]C Charged particles (LHC) nuclei

10%V 1012e\1 10"%eV 10'%eV l
GeV TeV I Pt/ EeV

Neutral particles y ray neutrino!



Dawvopeva LPNANC EVEPYELOC OTO 2V LTTOLV:

dopelc mAnpodoplac

radio/microwave infrared/optical gamma-rays neutrinos cosmic-rays \Y 9 AA}\H)\ERLSPOL’)V l.léo-w Tnc O(O'eEVOL’)C O()\)\F])\ET[%DOLOT]C
* Taklbelouv oe eLBLVYpPAULEC TPOXLEC!
104 14 I 14 I I
cosmological max of star formation opaquetophotons:. ¢ npaKTLKaI 68\/ O(T[OppOd)(JL)VTOLL aT[O Ter ueooao—rptKn U)\nl
T sk < \TT0pOUV Vo artoKaAUouv MANPOodOPLEC OXETIKA LLE TLC
g 10° [ nearest blazar dlepyaoiec oTIC aoTpoPUCLKEC TTNYEC Ttou Oev elval
3 T «TIPOOPBACLUESH HECW PWTOVIWV 1 KOGULKWY OKTIVWV
g L :n_eaFes?g;Ia‘xf = a0 X %%
O qo1f
102 SR o o iR Gl o I GGV T VARG P v Ul G O (AN
galactic centre gravitational waves—ripples in space-time
10— '

10 10 1072 10° 10? 10¢ 108 10 10 10" 10" 10" 10" 10%
Energy [eV]
4
e pwiovla

* KOOMLKEG QKTLVEC
* VETPLVO
e Baputika KUpOT




Source region, e. g. Understand the
surrounding dust clouds, prod uction

see deeper into Galaxies...

Source, e.g.
sources Su ernovg,

mechanism of y-rays

Interstellar
Active Galactit Nucleus AGN dust clouds
Gamma st GRB ., Satellite
/ experiments
learn what is the p.¢
rigin of cosmic rays
oneinore i Cherenkov .
detector Multi-messenger
astronomy

Intergalactic
magnetic fields

Earth

Undergroung
detector

] Air shower
_ _—— Atmosphere 5




Cosmic
| ~50.000.000atm.u/year |  ravs

n ’
*2Nua: VETPivo aoTpoduUCLKAG
- TIPOEAEVO
~300.000 atm.v / year o P ng

*YrtoBabpo: vetpivo kal povia mou
TOPAYOVTOL OTNV ATUOodALPO.

Astrophysical/Cosmic Neutrinos

Numbers refer to ARCA with 2 building blocks of 115 DUs each
Applied astrophysical flux: 1.2-

-4 E_Z (—L) -1 -2.-1

10 e\ 3PV GeV 'm s 'sr-1

GeV

~600 v of astrophysical origin / year




Proton

e J)Ma: VETPLVO aoTPODUCLKNC TIPOEAELONG

* YoBaBpo: veTpivo mou nmopayoviol oTnv atpocoolpa.

LLOVLAL TTOU TtapAyovTaL OTNnV atpoodatpa. L
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DEMOKRITOS

@ KM3NeT: Avixveuteg vetplvo veag yeviag otn Meooyelo

KM3NeT-HQ

Facilities of the
KM3NeT Research Infrastructure

KM3NeT-DataiCentre

i V'A)g‘./ KM3NeT-Fr

KM3NeT/ARCA one buiding block

S

O s

__ ORCA
AVIXVEUTAC VETPLVO:

Jwpatidlakn duoikn
TnAeokormLo vetpivo:

Avixveuon veTplvo aotpoduUOLKNG
NMPOEAEUONC

18/115 MOVTIOHEVEG CUOTOLYIEG 28/115 MOVTIOMEVEC OUOTOLYLEC

TaAOVTWOELC VETPLVO
lepapyia polwv



o KaTtaoKeun Kol EAEYXOC OTITLKWYV OTOLXELWV TOU Ttelpapatoc KM3NeT
o JUMUETOXN O0TN Babpovounon Kot Tov EAeyXo cuvloTwowV Twv DOMs



AkouoTtikn Avixvevon Netpivwv
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AKOUOTLKN QVLYVEUON VETPLVO

> lowc 0 TTAEOV UTTOOYXOUEVOC TPOTIOC aviyveuonc veTpivo efatpeTika vPnAwv evepyelwv (UHE) : k6otoc — duvatotntec

Ambient and Localised Noise \\\\

Sources in the Ocean \\i‘se'Che sonic disc
v

300

ATOC = 260 W 30 Hz
Oceanographic Source

Undersea Earthquake

250

Sea Floor Volcanic Eruption

pLUVR Lightning Strike

PSR

— F —_—
150
10W EchoSounder A

Surface Waves Thermal

1 10 100 1k 10K 100k 1
Frequency [Hz] ﬁ

OVOLEVOUEVO ONHa arto aAANAETILOPACELC VETPLVO

AvAaAuon aKOUGTLKOU CHLLOTOC KOlL KOThYopLlotoLlnon:

Spectrum Noise Level [dB re 1 mPa Hz"]

- —— LI PSS ; hadronic Image from K. Graff
e Heavy Rain 3 N, P € : - cascade |nternational ARENA Workshop

5 Seismic I — | Snapping g g - ~1 km 2005 -
Shipping Shrimg ~1ill ?‘;

=

* Avapevopevo onpa amno aAAnAenidpaon vetpivo

e Aebopéva amo tnv kataypodn Twv vdpodwvwv (Kaapdta
2018) ko Twv akouoTIKWV aeOntnpwv tou KM3NeT yia tnv
npooopoiwon Tou urtofabpou.




DEMOKRITOS

Results on the employment of a hydrophone-level
Motivation: Aigpedvnon 1n¢ ikavotTnTaAg avayvwplong trigger were presented at the 38th International
aKOUOTIKWV MaAuwv vetpivwv UHE urioBaAdoola. Cosmic Ray Conference (ICRC2023)

ICRC2023 Identification of Ultra High Energy [Y}=
neutrino induced acoustic pulses

i

Ay
Christos Markou*2, , Dimitris Y T pis> and
£ HCSA Demotntos, Insttute of Wckar 333 Pt ysics, A Prssevt Al Atnens 1331 Greece
5 Netions! Techncal iersty of Athers, Scool ofechanicl Enpneenng, Zogaty Campcs, 3, e Foytechnt s, 13750 Zogsto Atens,

Greece
: Nationa) Technical Lnersity of Athens, Schoot of Appied Mathematical and Prysical Sciences, Z0gratou Campus, 9, Iroon Foytechniou str, 13750 Zografou, Athens, Greece

/ Acoustic neutrino detection \

The Instantaneous energy
deposition from a particie shower
produces a sound wave according
to the thermo-acoustic model [1]

" As the flux of cosmic neutrinos Is extremely low In the Ultra High Energy (UHE)
regime (EeV scale), very large detector configurations have to be built

A hydrophone-array acoustic neutrino detector could be a feasible solution

1.50

he neutr « and th fironic as sound has a much larger attenuation length than light In the seawater
e neutrino track and the oty
— 0.8 sound wave directions are However, the size of continuously recorded acoustic data from such
[\ perpendicular, resulting In 3 detectors could lead to extremely challenging computational Issues
1.25 c \"‘3”"9"’"‘ disiclike topology Can be solved with a trigger condition at the hydrophone level! /
(=)} N
‘B
—
(7] Data and MC simulation Dolphin click filtering \
Q. : R Underwater acoustic recordings col f
1 gs collected at a sea depth of < ted
— 1.00 { —— noise + signal ) 0.6 e e o s e dePth ol e | [ strovg presence ot sounds i the
Q . Q A simulation chain was developed In order to calculate Efficiently identified using a band-stop filter
= noise o UHE acoustic neutrino signals
a 0.75 1 “6 | « simulation of hadronic showers using o o
:2 ‘ f It d ()] CORSIKA-IW [3]
|
[} litere b= + Calculation of the pulse waveform by
v Q - 0 4 solving the thermo-acoustic model's wave
o © ‘ equation numerically and modeling the
0.50 c sound attenuation In seawater with a
method originally developed by ACORNE [4 s
S hod originally developed by :
o Acoustic neutrino pulses were simulated in Bie) and
'5, the range 10-100 EeV for an £+ spectrum
0.25 S
S -02
_g Deconvolution using the wavelet transform  acoustic neutrino pulse added

The continuous acoustic p of the recorded

pressure-time serfes

0.00 1 W«QWMWMMMM

recordings were seperated £
Into 5 ms chunks y i High-pass pre-filtering to remove|
S low frequency variations
T N T N N T s L H enhancing the neutrino pulse
0 100 200 300 400 500 600 700 bl = s B width over the baseline

background signal - Background: chunks wih

pure noise (top left plot)
T - signal: chunks with neutrino

rue acoustic pulse added on the
noise (top right plot)

Matrix with the wavelet
transform [5] correlation
coefficients

strong correlation at the
position of the neutrino
acoustic pulsel /

time samples [-]

e camp o “ime et
7 7 7 4 1 A it tri Ise identificati
° ooouoiwon akouaTiIkwVv TaAuwyv arro UHE ve (0] " conle ewirins pulee Kestiication e cmcecrr |
[ / K TIKWV 4 VETPIV | e ey cusgoree | rrry st i :
- 7 algorithm used for classifying state-of-the-art Convolutional 3 . .
unks contalning acoustic Neural Networks L

P neutrino pulses over implemented as an

o background, with features alternative approach, using
extracted from the wavelet high-pass pre-filtered

. correlation matrix pressure time-sertes, show a

» [lpooBnkn maAuwyv ora mpayuarika dsdouéva Bopuou s e e

achieved with a ~95% achieved with a ~55%
background refection! background rejection!

Conclusions
Promising first results Full simulation chain methodology coul
for neutrino acoustic and state-of-the-art lud toa lu-lhl-dm
pulse identfication 3t techniques for signal  acquisition system for a
b

« EUpeon onuaro¢ xpnoiuorroiwvriac avaAuan auxvornTwy Kai

level

the
L cation have been /

12

TEXVIKEC Mnxavikn¢ kai BaBiac Mabnong
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DEMOKRITOS annie

Neutrino Beam 4
> |

& photosensors

s
o)

-y or
ey T

To metpapa ANNIE

Accelerator Neutrino Neutron Interaction Experiment (ANNIE): éva¢ Gd-doped water Cherenkov
AVIXVEUTNC 26 TOVWYV 0Tn d€oun veETpivwy Tou Fermilab (E~600 MeV).

2uppeTExoupe oto ANNIE atro 1o 2021.

Front
Anti-coincidence
Counter

(FACC)

Gd-loaded
water volume

s a9

'@ ¢
s '@,,,5

“

« __‘@

Gadolinium Avixveutik6 Mégo: Twpa: Gadolinium-
loaded water,2022: Water-based Liquid

electronic Scintillator.

racks To ANNIE eival To TTpWTO TrEipapa Trou
XPNOIUOTIOIEI QWTOAVIXVEUTEG TAXEIAGC
ammokpiong (~60 psec time resolution)
Large Area Picosecond PhotoDetectors
Muon Range (LAPPDs) yia avaokaTtaokeur) YeEYovOoTwv

Detector p
(MRD) VETPIVWV.

To ANNIE BAETTEl TO TTPWTA VETPIVO PE TOUC KAIVOTOUOUG QVIXVEUTEC QWTOC LAPPDs. | 1




Present: Future:

ANNIE — Phase lli

 Meproootepa LAPPDs:
BEATIWPEVN AVOAKATOOKEUN

« Water-based Liquid
Scintillator (WbLS)

Métpnon Tou uTtroBaBpou ToOU
QVIXVEUTH
EmTuxng AsIToupyia TOu QvIXVeEUTN

MéTpnon TNnGg TOAAATTAOTNTAG
veTpoviwv atrd CCQE yeyovota
MpwTtn T1OVTION KaI AgITOUpYyia Twv
LAPPDs

15






Hyper-Kamiokande (Hyper-K)

DEMOKRITOS

‘2
(o g
! FUKUSHIMA

!
NIIGATA

/ TOCHIGI
/

HVPOYAM:K’. \ Neui”FlAno beam J-PARC
ISHIKAWA \295 km\

SAITAMA

Hyper Kamiokande (Hyper-K) Upgrade f J- PARC neutrlno
‘detector , beam to 1.3 MW beam power

Bean
~ 7) ale
Neutrino Muon  Dump

- MONitorss
Detectors Monitor

S R 17
start operation in 2027/



DEM OKR TOQ

Physics beyond the SM:

Neutrino astrophysics:

\HVPER Physics goals for Hyper-K

Search for CP violation in the lepton
sector

Determination of neutrino mass
hierarchy with beam and
atmospheric v

8,5 octant determination
Search for nucleon decay

Nucleon decay

Precision measurements with solar v 4

High statistics measurements with v T
from supernova bursts ' g

Supernova relic v detection

R >, . 7“.
ARC neutrino beam '

18



neutrmolll:::du‘ced aco:?:::‘pulsesm , 1 ta/k and 3 pOSterS at ICR02023!

Christos Markou*®,

a nstrue o huc Ag. Paraskevi Atiis,Athers, 15310 Greece

& el Tecmics ety amm ‘School of .5 roan Poy : Athens, Greece

& s Poysical Scences, %, Troon 15750 Zogatou, Athens, Greece

Acoustic neutrino detection

The instantaneous energy
deposition from a particle shower
produces a sound wave according
to the thermo-acoustic model (1]

" As the flux of cosmic neutrinos is extremely low in the Ultra High Energy (UHE)
regime (EeV scale), very large detector configurations have to be built

A hydrophone-array acoustic neutrino detector could be a feasible solution
as sound has a much larger attenuation length than light in the seawater
The neutrino track and the
sound wave directions are
perpendicular, resulting in
characteristic disk-like topology

However, the size of continuously recorded acoustic data from such
detectors could lead to extremely challenging computational issues

& talks and posters in other conferences.

Can be solved with a trigger condition at the hydrophone levell

3 contributions accepted for NEUTRINO2024!

Data and MC simulation

Underwater acoustic recordings collected at a sea depth of
approximately 1600 meters, Southwest of Peloponnese, Greece

Dolphin click filtering

A simulation chain was developed in order to calculate
HE acoustic neutrino signals

Measurement of the atmospheric muon
neutrino flux with KM3NeT/ORCA6

Dimitris Stavropoulos®s, Ekaterini Tzamariudaki?, Evangelia Drakopoulou?
and Christos Markou® for the KM3NeT collaboration

« Simulation of hadronic showers using
CORSIKA-IW [3]

« Calculation of the pulse waveform by
solving the thermo-acoustic model's wave
equation numerically and modeling the
sound attenuation in seawater with a
method originally developed by ACORNE [4]

Search for a diffuse astrophysical neutrino
flux with
KM3NeT/ARCA using data of 2021-2022

SR Demokritos, Institute of Nuclear and Particle Physics, Ag. Paraskevi Attikis, Athens, 15310 Greece
National Technical University of Athens, School of Applied Mathematical and Physical Sciences,
» Zografou Campus, 9, Iroon Polytechniou str, 15780 Zografou, Athens, Greece
pcoust e puse
waveform from a 1 Acoustic neutrino pul- iated
hacronic shawer ot s Acoustic neutrino pulses were simulated in
@stance ot 1 k. the range 10-100 EeV for an E spectrum The KM3NeT/ORCA detectol
‘The KM3NeT/ORCA detector [1] i an array of
Digital Optical Modules, spheres that host 31
photomultiplier tubes, which s being constructed at
a sea depth of ~2450 m, offshore Toulon, France.

Deconvolution using

The continuous acoustic
recordings were seperated
to § ms chunks

Such an array configuration can detect neutrino
events from the Cherenkov radiation emitted by the
secondary particles of neutrino interactions in the
abyssal depths of the Mediterranean Sea.

Vasileios Tsourapis*, E. Drakopoulou, C. Markou, A.Sinopoulou and E.Tzamariudaki

on behalf of the KM3NeT collaboration

Two data sets were created:
The determination of the Neutrino Mass Ordering s
+ Background: chunks with the main physics goal of the detector
pure noise (top left plot)
« Signal: chunks with neutrino
acoustic pulse added on the
noise (top right plot)

The Digital Optical Module of KM3NeT Artist view of the completed ORCA detector

i AR T Neutrino event selection with high purity Nagoya, Japan, 26.7.2023
time. samovul J

ICRC2023

38 Interational Cosmic Ray Conference

Data corresponding to 555.7 days, collected

\Qgia reconstruction and classification with
graph neuralnetworks in KM3NeT/ARCA6-8

 Universta i Bologna, Dipartimento i Fisica e Astronomia,faly, /INFN, Sezione di Bolog

“Erlangen Centre for Astroparticle

Lt L S L
e Sl A L T Skl ek i
Leaming ol natwks (GNINS 1 raned and appllg t events gathoed wit a8 st colecton unts of KMol
A" GNNe have hesn anad fo ciassiicatin and fegression tsske, snowing very promising peromances n & ange of cifiernt tasks ke neutino-backcround identfcaton
3 nd bundes.

its. Here, we present a Deep method using

Physics (ECAP), s FAU Eriangen-Numberg .
o

Abstract

Gomans, NP e epol G Gl &
contact: fancescofiippin8@unba.t

e e - e T e

KMINeT
Insttute of Nuciear and Particie Physics, Gr
Somo, Dipartment o Fioa,Haly

KM3NeT detectors

+ 18 DOMs anchored at the seafloor with buoyancy at the
top form a detection unit (DU);

with a 6-Detection Unit configuration (ORCA6)

e Astroparticle Physics Conforence
have been used for this measurement. The Astroparticle Physics Confe

Acoustic neutrino
A Boosted Decision Tree

Sophisticated event variables have been
developed and used as features in a BDT dlassifier
(TMVA) to discriminate reconstructed as upgoing
stmospherlc neutrfosfrom the misreconstructed

atmospheric muon backgro IN FN
A BDT score cut at 0.56 results in 4197 data tr—tr—ir—ts—tr—tr— ~
events, 4196.1 atm. neutrino MC events and w v Catania
Just 28.1 atm. muon MC events, with a good T i b,

agreement between data and simulation. dat and NC seected evens. A good ta/MC
‘agreement i ilustra

neutrino pulses over
background, with features
extracted from the wavelet
correlation matrix
Signal efficiency of ~69%
achieved with a ~95%
background rejection!

The research work was supported by the Hellenic Foundation
for Research and Innovation (HFRI) under the 3rd Call for
HFRI PhD Fellowships (Fellowship Number: 5403).

‘Boasted Decision Tree ML classification score
for the reconstructed as upgoing events that

‘pass soft anti-noise cuts;
B80T ROC (area = 0.87) The abilty to identify neutrino events Is ciear.

ferent . —
e e, Phys. Rev. D19 (1979) 3295, Unfolding the v, +v, CC energy spectru
30 C. Richarot e al / Astrapartite Pysics 31 (2009) 19-23
3: https.//web.lap. kit.edu/corsika/download/old/ v660/, An unfolding scheme (TUnfold) is used in order to

deconvolute the muon neutrino CC energy distribution
from the experimentally measured one (feft).

£ Transactions on Information Theor,
. pp. 961-1005, (1990) The binning schemes for the true and reconstructed
phases spaces have been defined according to the bin
purity; the consistency and the robustness of the
procedure have been tested using toy MC experiments.

After defining and testing the procedure in MC, the
energy distribution measured in data is unfolded (right).

« Network of Cherenkov detectors [1]: High dimensionality and sparse signal of
- o KM3NeT detectors are perfectly encoded into o 2 e s
- graph structure (other studies of the KM3NeT > >
avalabi 21 Not imied by | . + . .
ST bor posion an tme resobon a It imag b ‘ ¢
by partices emerging from  Interactions; pota et et it
+31x 3" PMTs hosted In prossure resistant glass sphere: e e b e =S
Digtal Opticl iodule (DOM): Node —> every photon it of an event. = =

7D feature space: 3 spatial coordinates, 3 —

PMT directions, time;
Edges —> distance

‘computed with Euclidean metric;

For memory optimization and for keeping
the number of connections under control, k:
‘each node is connected o its

K-nearest neighbors.

Graph Neural Networks

between nodes

The KSNeT DOM
iy

g sapl:blnceddtaed 50% o 50% niins).
Kenaarest naighoors

e, et ot e unchon: soimex.

Validation set: 10%

A pasic of events with peutino score n the data Is visble, fuly
compatibie vith an excess of atmospharic naul

f———

Muon bundles

Muon bundle direction rogression
Training sample: atmospharic muon simulations (parasel direction for all
the muon n the bundll);

Kcnearest neighbors k=16, ,
output activation function:

50 an uncortainty

Regression

Neutrino energy regression
Traning sample: evenly compossd by rack-

ke (4,CC intractions) and by shower-ike
NC.1,CC.uNC interactions) everts:
Ichearest neignbors k=16;

Iinoar output actvation function.

Flux measurement

The unfolded numbers of events per bin are converted to
flux values using the HKKML4 conventional flux model (2]
the NUFIT v5.2 oscillation probabilities [3].

2 scientific papers under preparation!!

Alog(E,/GeV) Tog(Ey[GeV)
0008
0813
1318

039
093
1.45

(Gevs'sr'cm?]

From left o right: Bin energy range; weighted energy bin center; flux

‘measurement multiplied by the welghted energy bin center; statistica error. —E— KUONTIORCA (2023 - (st o
2 Super Kamickande (2016
ANTARES 2021
i Hartinez et a, (KINeT Calaboration), 2016 J. Pys. 43084001,
. D 92, 023004 (2015)
1792], NUFIT 5.2 (2022), www.nuit.0rg.
o4 2016) 652001
"The atmaspheric muon neutrino flux measurement from
o it v o SupeniGiokange 4] st Avkare {51

The
nsids the detector produces batter resuts

rospect 1o trackke events n the nference of
neutrino energy.

Neutrino direction regression

Trani

anergy regression. Three paraliel output
layers, with custom cosine function: ;.
one for each component newrno |
drection i
For this task insisad the outgoing muon

produced in track-ike events alow o better

reconstruction;

Muon bundie mutiphoty regression
Muttiplcity counted s

precict the zenth diraction respact to showar g
Ik events L etk 4 1 0 s e 0 o et s
o i o ek o .‘.:E“:J‘;“m'& G it oo comprn o
Conclusions:

e

of detctn ks, Wit plarrad OKNT dace s n e e, o ot m: le e e by
res regtarsa
s the Che, Geadacig evin g crte e

larger number of DOMs,

the compiexty of the event signat
e nfrmation that can be by xpioted by Dep

Loaming

eside the oversi

R e, s of it o AT 26, P 5.8 16 00
ot

. o acknouledges he sport by he HORIZON-
MSCA-2021-PF-01 project GGRANT No. 101068013
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Neutrino experiments are expecting lots of new data!!

J ARCA & ORCA data: atmospheric neutrino candidates (atmospheric muon background suppression)

* ARCA: Avixveuon VeTplvwv aotpoduoLKnG TtpoEAeVoNC Ue Tov avixveutr) ARCA28

« ARCA & ORCA: Metpnon tng pong atpoodalplkwy VETPIVWY Kol oUYKPLON HE TO UTIApXOoVTa

LLOVTEAQL

e Avarmtuén povteAwv Pablac pabnong ywo TNV aVAKATOAOKEUN YEYOVOTWY KAl ToV SLaXwpPLopo

onuatoc utofabpou

J Simulation studies: MeA€tec atpoodatpkwyv poviwyv kat cuykpton MC npocopolwoswy e data

 Acoustic Neutrino Detection: Avamtuén pebodwv yla tnv avayvwpLon, To XopoKTNPLopMO Kal Thv

KOTnyopLloTtoinon NXNTIKWY CNUATWY XPNOLULOTIOLWVTOC TEXVIKEC LNXOVIKAC Habnong

d ANNIE: Avarntuén pnebodwv Babiac pabnong ya tTnv avakotaokeun YEYOVOTWY Kol avaAuon data

d Hyper-K: miBava B€pata uno oculntnon

MAnpodopiec oto: http://www.inp.demokritos.gr/education/
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DEMOKRITOS

NATIONAL CENTRE FOR SCIENTIFIC RESEARCH *DEMOKRY
INSTITUTE OF NUCLEAR & PARTICLE PHYSI

d Xpnotoc Mapkou (cmarkou@inp.demokritos.gr)
Python and Machine Learnin
d Awatepivn Tlapaplouvdakn (katerina@inp.demokritos.gr) " Bootcamp )

7 ’ . . 4-6 July 2022
- EuayyeAio ApakorovAou (drakopoulou@inp.demokritos.gr) Ehhledmmm—
2nd Python and Machine
Learning Bootcamp
24 - 28 April 2023

3 NATIONAL CENTRE FOR SCIENTIFIC RESEARCH "DEMOKRITOS" NEO
k) INSTITUTE OF NUCLEAR & PARTICLE PHYSICS I~

3rd Python and Machine
Learning Bootcamp

NATIONAL CENTRE FOR SCIENTIFIC RESEARCH "DEMOKRITOS" %@p 3 B 7 Jllly 2023
INSTITUTE OF NUCLEAR & PARTICLE PHYSICS
-—_—

o) -:ogramming
s, i, python lysis
4th Python and Machine wlisation

ind DeeplLeaming Techniques
Learning Bootcamp  Debugging

. programming

15 - 19 July 202 4 llenge on a real life problem

Registration deadline: 26 June 2023

o AstroParticle Physics Group at INPP Topics: )
L In ked m National Centre for Scientific Research "Demokritos" . Eﬁ"ﬁfﬁ‘;ﬁi“m”’g

* Data Visualisation

Machine and Deep Learning Techniques
* Real Time Debugging
Appinpp https://www.facebook.com/appINPP/ * Hands on programming
* Data Challenge on a real life problem

X Applinpp AstroParticle Physics Group at INPP

M Gmail appinpp.group @gmail.com

More information at: https://indico.cern.ch/event/1418003
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