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Avixveuvon Netplvo
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210 poodato napeABov:
e Aviyveuvon vetpivo armo tov nALo

= Q0OElKVUOVTAC OTL N EVEPYELO TOU HALOU TTapEXETAL ATTO oUVTNEN
e Aviyvevon vetpivo aro supernova (1987)

- 20 (Kamionade: 12) supernova vetpivo — emiBeBaiwon tng Baoikng

BewpnTIKNC ELKOVOC TOU BavAaTou eVOC AOTPOU —
ADXLKEG TIELPOLLLOTIKEG LETPNOELS: 0PpLlOPOG TwV VETPLVO Tou ¢ptavouv otn 'n amno T
Tov HAlo: ~1/3 tou avapevouevou amo tn Bswpia  “solar neutrino puzzle” 2015 NOBEL PRIZE IN PHYSICS

Takaaki Kajita
Arthur B. McDonald

Aviyveutég Super-Kamiokande & SNO: ta vetpivo amo tov HALo 6¢ xavovtat kabwg
taéldevouv poc tn ' aAAd aAAalouv TautoTNTA Nobel Prize 2015

H aAAayn TnNG TAUTOTNTOC TWV VETPLVO UTTOPEL va
yilveL povo av ta vetpivo €xouv pala

To kaBlepwpevo potumo dev amoteAel mANpn Bewpla Twv
INPP, NCSR "Demokritos", 10/06/22 Bepe AW WV CUOTATLKWY TOU ZUUTTOVTOC




Aviyveuon 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. /

e Aviyveuon vetpivo amnd tov nAo v’
« Avixveuon vetpivo amd supernova (1987) V'
* Avixveuon vetpivo amno yaAaflokec Kot Ew-yaAaLaKEC TNYEC

> vetpivo w¢ popeacg mAnpodopiag yla ta patvopeva VP nAng evepyeLag oto Zuumnav (neutrino: the
twitteryp of the Universe)
> veTpivo — 6eopun cwpatdilwv amo tov oupavo yla tTn dlepelvnon BAoLKWVY EPWTNUATWY TNC

human-made

Ywpatidlaknc Guotknc Charged particles (LHC) nuclei

10°%V 1012e\1 10"%eV 10"%eV l
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INPP, NCSR "Demokritos", 10/06/22 Neutral particles y ray heutrino!



Source, e.g. Galaxies...

Supernova,

Active Galacti cleus AGN
Gamma Ray Burst GRB

p.c
* dwtoOvIa learn whatis | |
* KOOWLKEC OKTLVEG the origin of R—
*veTpivo cosmic rays - Intergalactic

magnetic fields

* BapuTika KUpATO

v = AAMnAemidpouv pEow tng acBevouc aAAnAemnidpaong /’

* Ta&bevouv og eLBLUYpPALUEC TPOXLEC!

* Mpaktka, dev amoppodwvTtal amod TNV LECOOOTPLKN VAN \.
e MrmopoUv va amokaAUPouv ANPodopLleC OXETLKA UE TLC ’

dlepyaoiec oTIC aoTpodPUOLKEC TTNYEC TTou Sev elval
«TPOOPBACIUES» HEOW PWTOVIWV ] KOOULKWY AKTIVWV

/
/

see deeper into sources | Source region, e. g.
surrounding dust clouds,

Understand
the production
mechanism of

Interstellar -rays

dust clouds y-ray
Satellite
experiments

Cherenkov
de/tector

/ |

Earth

Undergroun\p
detector

Atmosphere




e J)Ma: VETPLVO aoTPODUCLKNC TIPOEAELONG

* YoBaBpo: veTpivo mou nmopayoviol oTnv atpocoolpa.

Figure 12 from High-energy neutrino astronomy: detection

methods and first achievements B Baret and V Van Elewyck

2011 Rep. Prog. Phys. 74 046902

«2 -1 -1

Flux (cm™s sr)

LLLOVLOL TIOU TTaPAYOVTOAL OTNV aTUOodhaLpa.
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Mo TNV e€epeivnon Twv patvopevwyv VP nAnG
EVEPYELOC OTO cUUIAV: cUVOUAOUOC
nAnpodopiag

dwrtovia

VETpPLvVO

BopuTika KUpOT

KOOMLKEC OKTLVEC

22/09/2017: vetpivo evépyelag ~300 TeV
avixveuOnke amo to tnAeokomnio vetpivo IceCube.

Juumtwon 30 e TIC mapatnpnoelg tou Flaring
Blazar TXS 0506+056 armo ta Fermi-LAT kat MAGIC



> low¢ 0 MTAEOV UTTOOYOUEVOC TPOTIOC avixveuonc vetplvo ealpetika uPpnAwv evepyelwy (kOoTOC — OUVOTOTNTEC)
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OVOLEVOUEVO ONHa arto aAANAETILOPACELC VETPLVO

VOAUON QKOUGTLKOU OHLLOITOC KOlL KOThYOopLOTtoLnon:

=

Avapevopevo onpa ano aAAnAenidpaon vetpivo

Aebopéva amo tnv kataypadn tTwv vdpodwvwy (Kaapadta
2018) ko Twv akouoTIKWV aeOntnpwv tou KM3NeT yia tnv
npooopoiwon Tou urtofabpou.

hadronic Image from K. Graff
) cascade International ARENA Workshop
< ~1km 2005 -




KM3NeT

ORCA: Oscillation Research
with Cosmics In the Abyss
MeAETN XaUNANG EVEPYELOG
ATULOOPALPLKWYV VETPIVO
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ARCA: Astroparticle Research

with Cosmics In the Abyss

Spring 2022 Summer 2022 Fall 2022 Avixveuon vetpivo

7 ARCA +12 ARCA +4 ARCA a0TPOPUOLKAG TPOEAELONG
+4 ORCA +4 ORCA

April 2021
6 ARCA
6 ORCA

y 4




APP group: 3 gpeguvntec, TEXVIKO PoowTtiko, 1 duotkoc, 3 Ph.D. Students, 1 MSc student

Undergraduate students - interns

o KataoKeun Kol EAEYXOC OTITLKWYV OTOLXELWV TOU Ttelpapatoc KM3NeT
e JUMMETOXN oTn BaBuovopnon Kot Tov EAeyXo cuVIoCTWowV Twv DOMs
* EAeyX0C TNC QVTOXNC TWV ouvioTwowv Twv DOMs otnv rniieon tng Babuac 6alaocoag 5



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

*  We joined ANNIE in September 2021.

Front
Anti-coincidence
Counter

(FACC)

Gd-loaded
water volume

Gadolinium

electronic
racks

Muon Range
Detector
(MRD)

Detection Medium: Now: Gadolinium-

loaded water, mid 2022: Water-based Liquid

Scintillator.
To ANNIE e€ival 10 TTpwTO TrEipAUA TTOU
XPNOIUOTIOIEI QWTOAVIXVEUTEG TAXEIAGC
amokpiong (~60 psec time resolution)
Large Area Picosecond PhotoDetectors
(LAPPDs) yia avaokaTtaokeur) YeEYovOoTwv
VETPIVWV.

ANNIE is seeing neutrinos with the first LAPPD deployed in the water tank.
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DD ek O el o e XMaNeT Coabare 15 A.Sinopoulo PP Drakopoulou and E. Tzamariudaki' on behalf of the KM3NeT Collaboratio first detection units of KM3NeT/ORCA

S IR E T S e ot Dologai Luigi Antonio Fusco™, Jannik Hofestadt?, Dimitris Stavropoulos®
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Reconstruction Techniques in ANNIE INEUTRINO 2022 Mton of neutrino oscillation physics [3].
Evangelia Drakopoulo on behulf of the ANNIE Collsboradon 0 g s Figure 2. 30 event display of F
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= -, s SN S =Rl N
TAPPDs are MCP-based fast-timing NiGaizeng Deep Learning |
hotodetcctors
- ﬁ Py Dniea 20 20 e | Energy Reconstruction
~ Measure the neutron multiplicity from * Picosccond tiing: <100 ps for SPE { * The muon track length is reconstructed using Deep

neatrino-nucleus interactions in water * Quantum cffciency: >20% I

r — (=
~ Demonstrate the use of LAPPDs fuxE + Position resolution: sub-mm

* The reconstructed track length is passed to a Boosted
Decision ‘Tree with other variables to reconstruct the
= ‘muon and neutrino energy.

event reconstruction. M. reisch et al:“Operating LAPPDs in ANNIE® (Poster)

V- Veararsghavars “Reslaing APPD tm precision vith |

o : e o A1
Physics daa taking (Phase 1) since

Eelen ReE ———Tm (

1/16 First LAPPD deployed. . Vertex Reconstruction R

* Algorithm based imum-likelihood fit " r " ” .
e o Hoo0 {1 0 Ring Counting and Particle Identification

dircction. * For the sclection of a Charged Current 1L0T sample in ANNIE two Convolutional
+ Muons that are produced within a fiducial  Neural Networks (CNN) have been developed

e B ™ | e S et Lt e e presented in the XXIX International Conference on Neutrino

Vertex Radial Displacement: Ar [

Bl Physics and Astrophysics 2020, NEUTRINO 2022

5|
of ~94% on muon selection. | |

Neutrino candidates with the first deployed DUs of the KM3NeT-ARCA detector

(KM3NeT DUANA 2020.001)
QAnna inop Ekaterini Tzamari Christos Markou
October 5, 2020

[The muon (ncutrino) cnergy resolution of
| ANNIE detector at the 68th percentile is 10% (1 m)

Neutrino candidates with the first deployed
DUs of the KM3NeT-ARCA detector

|

| Mdentification).
E

|

KM3NeT DUANA 2020.001_Atmospheric neutrinos. with ARCA1 &
ARCA2 A Sinopoulou_v1
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Anna Sinopoulou, Ekaterini Tzamariudaki, Christos Markou
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[The addition of 5 LAPPDs unpxmzu the vertex]

Ireconstruction by mote than a factor of 3 and|

More than 30 Collborators_from 5 [the angy 1um501"ﬂ°nbnfmurof two.
‘Coum s = o=




Expecting lots of new data!!

 ARCA: 7 operational DUs since April;, expect 16 additional DUs in 2022
 ORCA: 7 operational DUs; 8 additional DUs by the end of 2022

@ the APP group: a phased construction of the KM3NeT detectors

> JUULUETOXN O€ €val TIElpALO KOTA TN OLAPKELA TNG KATOLOKEUTN G TOU
> YuA\oyn kat avaAuon dedouevwy (texvikec Machine Learning) armo toucg aviyveutec ARCA & ORCA

MAnpodopliec oto: http://www.inp.demokritos.gr/education/

Astroparticle Physics

e “Measurement of the atmospheric muon flux for the current KM3NeT ARCA & ORCA configurations”, (M.Sc. Thesis, Dr. E. Tzamariudaki)

e “Comparison of machine learning-based track reconstruction with standard reconstruction algorithms”, (MSc thesis, Dr. E. Drakopoulou)

e “Studies of atmospheric muon simulations” (M.Sc. Thesis, Diploma Thesis, Dr. E. Tzamariudaki)

e “Development of framework and machine learning applications on GPUs” (M.Sc. thesis, Diploma Thesis, Internship, Dr. C. Markou)

e “Development of tools to assess the performance of machine learning algorithms used in neutrino experiments”(M.Sc. thesis, Diploma thesis, Dr. E. Drakopoulou)

e “Reconstruction studies for acoustic neutrino detection” (MSc thesis, Dr. C. Markou)

e “Development of machine learning algorithms for the ANNIE experiment” (M.Sc. thesis, Diploma thesis, Dr. E. Drakopoulou)

INPP, NCSR "Demokritos", 10/06/22 12



Expecting lots of new data!!

 ARCA: 7 operational DUs since April; expect 16 additional DUs in 2022
 ORCA: 7 operational DUs; 8 additional DUs by the end of 2022

@ the APP group: a phased construction of the KM3NeT detectors

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

* ARCA: BeAtiotonoinon twv aAyopiBuwv yla tnv emAoyn KoAA aVOKOTOOKEUOOLEVWY YEYOVOTWVY
* ORCA: BeAtwotomnoinon twv aAyoplOuwv ywa tnv emloyn: yeyovotwv Tou aAAnAemidpolv pECA OTOV

OVLXVEUTH, LLOVIWV TTOU TIPOEPYOVTAL OO VETPLva TTou £pxovtal SLapEcou NG NG
e oUyKpLON TNC PONC ME TN PON TIOU OVOUEVETAL Ao Ta SLadOPETIKA HOVTEAQ TIOU TEPLYPAPOUV TOUC

KOOULKOUG KOTALOVIOUOUG
J Simulation studies: avayvwplon tng tomoAoyiog Twv yeyovotwy (track — shower differentiation)
XPNOLUOTIOLWVTAC MEBOSOUC UNXAVIKAC HaBnonc otoxelovtac otn PeAtiotonoinon g LKavotnTog
avakaAuvPng dltaxutng porng VETPivo aoTtpodUGCLKAC TPOEAELONC
4 Mo TNV e€gpelivnon Twv pavopueVwV LPNAARC EVEPYELOC OTO CUUTIAV
araltteitol cuvduaouog NS MAnpodopiac and GdwToOVIa, KOOUIKEC OKTIVEC, BAPUTIKA KUMOATO KO

VETpLvoO.
INPP, NCSR "Demokritos", 10/06/22
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Expecting lots of new data!!

 ARCA: 7 operational DUs since April; expect 16 additional DUs in 2022
 ORCA: 7 operational DUs; 8 additional DUs by the end of 2022

Acoustic neutrino detection: expecting new activities!!!

d Avamtuén pnebodwv yla tnv avoyvwplon, To XapaKTNPLOLO KAl TNV Kotnyoplomoinon NXNTKwY
ONUATWYV XPNOLLOTIOLWVTOG TEXVLKEG LNXAVLKNG LaBnong

d AvdAuon twv yeyovotwy Tou Kataypadovtal amo Toug akouoTikouc aoontripec tov KM3NeT e
oTOY0 TN OnuLoupyia evoc trigger LKA yLa acoustic neutrino detection

d Avarmtuén mpotumwy avIXVEUTIKWY dLatdéewv aKOUOTLKNG avixvevuong og ouvepyaoia pe NL,
DE, IT, FR.

14
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DEMOKRITOS

@ The Era of Understanding the Universe

H avixvevon vetpivo uPnAng evEpyeLac o€ CUUTITWON HUE TLC MOLPATNPNOCELC
tou Flaring Blazar TXS 0506+056 ato ta Fermi-LAT kot MAGIC onpatodotei
TNV £Evopén TNG EMOXAC TNG KOTOLVONGONC TOU ZUUITOVTOC XPNOLHULOTIOLWVTOLG
noAAartAou¢ popeic mAnpodopiac amnod Tt aocTPOoPUGCLKEC TTNYEC

Mropeite voL CUMLETEXETE OE QLUTH TN GUVAPTIOOTIKN enoxn!!

N'vwpiote to APP group:
> JUUMETOXN O€ €va Telpapa Kotd tn SLAPKELA TNG KATOALOKEUC TOU
> AvaAuon 6edopevwy amo touc avixveutec ARCA & ORCA

@l Python and Machine Learning

> MeAETN TG PONC VETPIVO XpnoLpomolwvtag €EeAlypeva epyaleia | | Boorna
0o0tca
avaAvonc 6edopevwy
, , , , , . . 4 -6 July 2022
> EktetapEvn xpnon neBodwv pnxavikng pabnonc (Machine Learning)
1 1 - - - I Torll)tir((:)S:uction to python
> Avixveuon VETPLVO oo aoTPoPUGCLKEC TTNYEC! oo o
> Lots Of fun !! :I?Iz?h?nl:?if:r::gTechniques
* Hands on programming

Registration deadline: 28 June 2022

d Xpnotoc Mapkou (cmarkou@inp.demokritos.gr)
d  Awatepivn Tlapaplovdakn (katerina@inp.demokritos.gr)
d EvayyeAia ApakomovAou (drakopoulou@inp.demokritos.gr)

More information at: https://indico.cern.ch/event/1161239/


mailto:cmarkou@inp.demokritos.gr
mailto:katerina@inp.demokritos.gr
mailto:drakopoulou@inp.demokritos.gr

DEMOKRITOS

Backup

INPP, NCSR "Demokritos", 10/06/22 16



H Source region, e. g. Understand the

. surrounding dust clouds, .
see deeper into Galaxies... production

Source, e.g. )
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/ experiments
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APP group: Topics of interest

Expecting lots of new data!!

, , , onua

* VETPILVO AOTPOPUOLKAC TIPOEAEUONC ——> 9K
* VETPLVO TTOU TTapAyovTaL 0TNV atpuoodatpa —) untopabpo
LLLOVLOL TTOU TTapAlyovTal oTnv atpoodalpa

\
\

T NN
YroBaBpo: Atpuoodatpikd pidvio Kot VETPivo: C IR
npoiovta adpovikwv aAANAeTIdpAcEWY TWV GOPTIOUEVWV ;\ _ |
KOOULKWYV OKTIVWV JE TaL HopLa TG atpoodatpac. N

u ‘u /
J ARCA & ORCA data: atmospheric neutrino candidates \ L%
(atmospheric muon background suppression) ‘j'?\e p " .
* OUYKPLON TNG PONG HE TN POI| TTIOU OVOLUEVETOL OTTO Tl _ s
SLaPOPETIKA LOVTENQ TTOU TIEPLYPAPOUV TOUC KOOULKOUC 9, & " e__*
KOLTOLLOVLOHOUC Yy 4 N
ia . am
INPP, NCSR "Demokritos”, 10/06/22 il . "-,: ;; b
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acceleration sources remain mostly unknown

origin of UHE cosmic rays

production mechanism of HE gamma-rays (hadronic or leptonic)

v and y produced in the interaction of high energy nucleons with matter or radiation

cosmic ray acceleration yields neutrinos and gammas with similar

nuclei abundance and energy spectra
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