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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 yia ta patvopeva VP NARg eVEpyeLac oto Zuumnav (neutrino: the
twittery¥ of the Universe)
> vetpivo — €opun cwpatidiwv amo tov oupavo yla tn dlepelivnon BAoLKWY EPWTNUATWY TNC

human-made
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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!
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* KOOMLKEG QKTLVEC
* VETPLVO
e Baputika KUpOT




Source region, e. g. Understand the
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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_2 (—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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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
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DEMOKRITOS

@ KM3NeT: AVIXVEUTEG VETPIVO VEQG YEVLAG 0T Meooveto
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KM3NeT-HQ

Facilities of the
KM3NeT Research Infrastructure

KM3NeT-DataiCentre

'.
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KM3NeT/ARCA one buiding block
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AVLYXVEUTNC VETPLVO: ARCA
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TnAeokormio vetpivo:

, , AVixVeUON VETPIVO 0lOTPODUOIKNG
lepapyio polwv npoeAeVONC

TaAoVTWOELG VETPLVO




KM3NeT

ORCA: Oscillation Research
with Cosmics In the Abyss
MeAETN XaUNANG EVEPYELOG
ATHOOPALPLKWYV VETPIVO

ARCA: Astroparticle Research

with Cosmics In the Abyss
Avixvevon vetpivo

- A0TPODUGCLKIG TIPOEAELONG
AEZIR?? Spring 2022 Summer 2022 Fall 2022  NOW

6 ORCA 7 ARCA +12 ARCA +4 ARCA ARCA21
+4 ORCA +4 ORCA ORCA18
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APP group: 3 gpeuvntEg, TEXVLKO TpoowTtlko, 1 puoikog, 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 11



> 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 -




« 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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Present:

ANNIE — Phase | ANNIE — Phase Il

L

—

Scintillator (WbLS)

 Meproootepa LAPPDs:
BEATIWPEVN AVOKATOOKEUN
« Water-based Liquid

« Métpnon Ttou umrofBdaBpou Tou||*e MéEtpnon Tng TTOAAATASTNTAC
QVIXVEUTNA veTpoviwv atmé CCQE yeyovora

«  EmTuxng Acitoupyia Tou aviXveuTn) * T[lpwtn T1OVTION KOI AgIToupyia Twv

LAPPDs
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APP group: Physics Analyses and Studies

DEMOKRITOS

2020-2022 Neutrinos from ARCA, ORCA and ANNIE
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Reconstruction Techniques in ANNIE INEUTRINO 2022 Mton of neutrino oscillation physics [3].
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Neutring candidaeswith the st eployed DUs ofthe KMNeT-ARCA deector T S g B mi S B presented in the nternational Conference on Neutrino
(KM3NeT DUANA 2020.001) e kg @ 1 o e iosen \
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I | 3 contributions accepted for ICRC2023!
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of ~94% on muon selection. | |

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

KM3NeT DUANA 2020.001_Atmospheric neutrinos. with ARCA1 &
ARCA2 A Sinopoulou_v1

[Excmpinry g, inpus mage o e Comoluiond Neus]
[Network el

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|
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APP group: Topics of interest

Expecting lots of new data!!

@ 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)
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Expecting lots of new data!!

@ 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

VETPLVO.
p 17



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.
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DEMOKRITOS

@ The APP Group

H avixveuon vetpivo uPnAAG evEpyELOG GE CUOUMTTWON UE TIC TIOLPATNPNOELG
tou Flaring Blazar TXS 0506+056 amno ta Fermi-LAT kat MAGIC onpatodotei
™V évapén TG EMOXNC TNG KATAVONGONG TOU ZUMUMOVIOC XPNOLUOTIOLWVTOLG
noAAanAouc popeic mAnpodopiac ano Tig acTPOPUOCLKECG NYEC

Mropeite voL CUMLETEXETE OE QLUTH TN GUVAPTIOOTIKN enoxn!!

N'vwpiote to APP group:

> JUMUETOXN O€ VOl TIELPALOL KOTA TN OLAPKELA TNC KATOLOKEUNC TOU

> AvaAuon dedopevwy armod touc avixyveuteg ARCA, ORCA & ANNIE

> MeA€Tn TG PONg VETPIVO XpNOLUOTIOLWVTOC EeAlyUEVA epyaleia
avaAvong dedopevwy

> EKTETAMEVN Xprion HEBOdwV punxavikng pabnong (Machine Learning)

> Avixveuon VETPiLvo armo aotpoPpUCLKEC TtNYEC!

> Lots of fun!!

d Xpriotog Mapkou (cmarkou@inp.demokritos.gr)
d Awatepivn Tlapaplovdakn (katerina@inp.demokritos.gr)
d EvayyeAia ApakomovAou (drakopoulou@inp.demokritos.gr)
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2nd Python and Machine ’
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.| Python and Machine Learning
Bootcamp

4 -6 July 2022

KRITOS" @~/
[ ython
jthon
1

Learning Bootcamp
24 - 28 April 2023

Topics:

¢ Python programming
* Data Analysis

* Data Visualisation

* Machine and Deep Learning Techniques
* Real Time Debugging

* Hands on programming
* Data Challenge on a real life problem

Registration deadline: 20 April 2023
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=
More information at: https://indico.cern.ch/event/1260295/ § 3§



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

