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210 poodato rnapeABov:
Avixvevon vetpivo amno tov (Ao T

)

= OTTOOELKVUOVTOC OTL N EVEPYELO TOU HALOU TtapExeTAL arto ouvTnén

e Aviyveuon vetpivo armo supernova (1987)
— 20 (Kamionade: 12) supernova vetpivo — eniBeBaiwon tng Baoikng
BewpnTIKNC ELKOVOC TOU BavATOU EVOC ACTPOU _

APYLKEC TIELPOAUOTLKEC LETPNOELG: apLOUOC TWV VETPLVo Tou ptavouv otn 'n armo tov
‘HAlo: ~1/3 tou avapevopevou amo tn Bswpla  “solar neutrino puzzle”

Aviyveutecg Super-Kamiokande & SNO: ta vetpivo armo tov HAlo &€ yavovtol kabwg
taédevouyv ntpoc tn ' aAAd aAldlouv TtavtotTnTa

H aAAayn TnNG TAUTOTNTOC TWV VETPLVO UIMOPEL va
YLVEL HOVO av ta VETpivo €xouv pala

To kaBLepwpevo mpotuTio Hev amoteAel mANpnN Bewpia
INPP, NCSR "Demokritos", 14/11/19 7 ’ ’
Twv OepeAlwOdWV CUCTATLKWY TOU ZUUTTOVTOC




Aotpovoptia Netplvo

VETPLVO /’1’ aviyvevon VeTpivo: pLa tpokAnon

* Oev gxouv nAektpko doptio  Avixveuon 2000 vetpivo amd tov HAo o€ pia meptiodo 30 etwv!
* £Xouv apeAntea pado e Avixveuon 12 vetpivo amno ta 10 vetpivo mou népacav HEca
* TIPOKTLKA beV amoppopwvtal artd Tov avixveutr Kamiokande!

* TIPOIOVTA TIUPNVIKWY BlEpYacLLV s Mia cuyxpovn oLk EKTIOUTIN VETPLVO tapatnpnOnke 2-3 wpeg

\npw Vv adLeén tou dwtog amo to SN 1987A otn n.

¢ Avixveuon vetpivo antd tovllo v~
* Aviyxvevon vetpivo amo supernova (1987) v~
* Avixveuon vetpivo amnod yaAoLakec Kat €w-YOAXELAKES TINYEC

» VETpivo w¢ popeag Tt)\ocbop'taq ylo ta pavopeva VP NARC EVEPYELOC OTO ZUUTTAV
(neutrino: the twitter = of the Universe)

» VETPlvo — 6€oun owpaTOlwy amo Tov oupavo yLa Tt dtepeuvnon PACIKWY EPWTNUATWY TNC
Ywpatdtakng Guotkng

14/06/2021 E. Tzamariudaki 3



2 Dawopeva UPNANG EVEPYELAG OTO 2UUMAV:

dopeLc TTANpodOPLAC

radio/microwave infrared/optical gamma-rays neutrinos cosmic-rays PY d) w_[ c’)v l, a
b". . “‘ ' o N -—_— 3 ! !
> \ * KOOMLKEC OKTLVEC
14
10 _ . * VETPLVO
cosmological max of star formation opaque to photons;
10% F transparent to neutrinos PY

BapuTika KUpOTO

and gravitational waves

2 =
10 nearest blazar
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galactic centre gravitational waves—ripples in space-time
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Energy [eV]

v = AMnAemibpouv péow tng a.oBevouc aAAnAenidpaong

* Ta&ldbevouv og eVOUYPAUUEC TPOXLEC!

* Mpoaktika, dev amoppodwvtal Ao TNV HECOAOTPLKA UAN!

e Mmopouv va amokaAUpouv MANPodOpPLEC OXETIKA UE TLC
Olepyaoiec O0TIC AOTPOPUOCLKEC TTNYEC TTou SeV elval
«TIPOOCPACIUESH HEOW PWTOVIWV 1 KOOULKWY OKTIVWV
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reality!

e Jr)Ma: VETPIVO aoTPODUGCLKNC TIPOEAELONG
* YtoBaBpo: veTpivo mou mapayovtal otnv atpuoodalpa.

LLLOVLAL TTOU TTOpAyovTal 0TnNV atpuoodalpa.
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» low¢ 0 TIAEOV UTIOOXOHEVOC TPOTIOC avixveuonc Vetpivo e€alpeTikd uPnAWV eVePYELWV (KOOTOC — SuVATOTNTEC)

Ambient and Localised Noise S® h
Sources in the Ocean Q{‘ eiche -
sonic disc
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OVOLLEVOUEVO ONpa ard aAANAETILOPACELS VETPIVO
AvAAucn OKOUGCTLKOU ORLUOTOC KoL Kathyoplomoilnon:

Spectrum Noise Level [dB re 1 mPa Hz'"]

100 ‘ hadrorélc Image from K. Graff
. s Heavy Rain : P cascaae International ARENA Workshop
” Seismic — Snapping ‘ % - ~1 km 2005 -

=

e Avopevopevo onuo amno aAAnAenidpaon VeTpivo
 Aegbopéva amo tnv kataypodn twv vdpodwvwv (KaAapdta

2018) Kkatl Twv akouoTKwV atcOntripwyv tou KM3NeT yia tnv
npooopoiwon tou unofBabpou.
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[l TNV e€epelivnon TwV GOLVOUEVWV
VP NANC EVEPYELOC OTO CUTIOV:
ouvduaopoc Anpodopiag

dwtovia

VETpivo

BopuTika KUpOTA
KOOMLKEC QKTLVEC

22/09/2017: vetpivo evépyelac ~300 TeV
avixveLONKe arod To TNAECKOTILO VETPIVO
IceCube.

ZUUMTWON 30 E TLC TTOPATNPIOELC TOU
Flaring Blazar TXS 0506+056 armo ta
Fermi-LAT kat MAGIC




The KM3NeT detectors

KM3NeT

DEMOKRITOS
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ORCA: Oscillation Research
with Cosmics In the Abyss
MeAETN XauUNANC EVEPYELAC
ATHOOPALPLKWY VETPIVO

Expecting lots of new data!!

ARCA: Astroparticle Research

with Cosmics In the Abyss
April 2021 June 2021 Sept/Oct 2021 Spring 2022

Avixvevon vetpivo
6 ARCA 6 ARCA 11 ARCA 23 ARCA ; ,
6 ORCA 10 ORCA 13 ORCA 20 ORCA AOTPOPUOLKNG TIPOEAELONG
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DEMOKRITOS

APP group: 3 €PEUVNTEC, TEXVLKO TIPOCWTILKO, 2 duaoikol, 4 Ph.D. Students, 1 non-doctoral student

1 Diploma student + interim students

e Kataokeun Kol EAEYXOC OTITLKWV oToXElwV Tou melpapatoc KM3NeT
e JUpMETOXN 0T BaBuovounon kat tov EAeyxo cuvioTwowv Twv DOMs
e ‘EAey)0C TNC AVTOXNC TWV CLUVIOCTWOoWV Twv DOMs otnv mtieon tn¢ Bablac Bailacoog 10



2020

from ARCA and ORCA

Detection of atmospheric neutrinos with the first detection units of KM3NeT-ARCA .

A.Sinopoulou’2®, R.Coni|

The zenith angle distribution i shown in fig2 for all
a3 expected, ihuti

spheric muons dominates the observed rate

fatm.muon MC - biue). Atmospheric neutrinos fatm.neutrine MC

- red) are isatropically distributad, whiis atmaspheric muons are
t0 have a downgoing track diraction.

ione? and E.Tzamariudal

1. Institute of Nuclear and Particle Physics, N.C.5.R. Demokritos, Athens, Greece
2. National Technical University of Athens, Athens, Greece
3. INFN - Laboratori Nazionali del Sud, Catania, Italy
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g 3. 8 o the s e P ot e s cver

‘The muon zenith angle resolution is shown separately for the two
ARCA periods in fg 5 (left) for allreconstructed events and in fig 5
right} for the events surviving the selection criteria. For the peri
‘with one DU (BUS - black) and with two DUs [DU1 and DU2 - red)
in operation, a zenith ange resolution of 1.4° and 11° i obtained
respectivly forall reconstructed events,

After the selaction requiremnts 2pplied, the corresponding muon
z2nith angle resolutionsare 1° and 0.7°

105 At bt o oL (MG Cll, et o et o EVGNT 2.

In order fo reject misreconsiructed
atmozpheric muons, salaction requirsments
wera appiied based on quality criteria. The
distributions of two of the quantities usad

L for event selection are shown for an

intermediate step of the analysis. Events with
more than 70% of signallike hits (fig.2) and
with L/Nhits = 2.0 (fig.4] have been selected.

The distribution of the
zenith angle is shown in
fie.6 for events fulfilling the
final selection riteria

15 newtrine candidates are
found  with

costzen) < 0 in the daa

KMINST [1] & & razaarch infrastructurs that wil host 3 nst of undenuater neutring

KM3NET wil
consist of two different detector configurations: ARCA and ORCA. ORCA will sxploit
neutrings (~Gev) generated in the Earth's atmosphere to study fundamental neutrino
properties. ARCA will be used for the search of high enerEy neutrinos (>Tev) from

When completed, ARCA will consit of 2 bulding blocks of 115 Detection Units (0us) [}
» ‘moduies

covering an instrumented volume of ~1km?. A DU hosts 18
(DOM), each housing 31 3 PMT: providing 3 47 coverage. Data from ~53 days with 2

H
¥

on behalf of the KM3NeT Collaboration

*sinopoulou@inp.demokritos.gr

e . g he dotaci

Neutrino candidates recorded by ARCA DU1 & DU2 and ARCA DUL
configurations are shown in fig.¢ and fig.o, respectively. All DOMs
with hits are representad by blue circles whils red circles represent
the DOMS having triggered hits. The magenta line shows, for direct
Cherenkou phatons, the arrival time to the DOM as expected from

the track reconstruction.

the atmospheric neutrino
simuiations and 1 event it
sspectad from stmospharic |
‘muon background j
The energy spectrum for
upgoing simulated neutrino
events satisfying the final

Fre 7. pisrecin of te we

=
vnts wen cosen) <0
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Neutrino candidates with the first deployed DUs of the KM3NeT-ARCA detector

(KM3NeT DUANA 2020.001)
e/\nn.l Sinopoulou, Ekaterini Tzamariudaki, Christos Markou
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Neutrino candidates with the first deployed
DUs of the KM3NeT-ARCA detector
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Observation of the atmospheric neutrino flux with the

first detection units of KM3NeT/ORCA

Luigi Antonio Fusco™, Jannik Hofestadt?, Dimitris Stavropoulos®
on behalf of the KM3neT Collaboration

' CPPM, Marseille 2 ECAP, Erlangen *NCSR Demokritos, Athens

“luigi.fusco@cppm.in2p3.fr
The KM3NeT Detector

KM3NeT [1] is the next generation large volume
neutrino detector in the Mediterranean Sea.

The KM3NeT/ORCA apparatus, currently being
constructed off the coasts of Southern France, will
be devoted to the study of neutrino physics using
atmospheric neutrino oscillations.

Figure 1. Artist view of
the KM3NeT design
building block, made of
115 DUSs, with @ zoom on
the DOMs, the
Ffundamental constituent
of the detector
apparatus.

A neutrino-induced
muon producing
Cherenkov light is also
shown.

6 Detection Units (DUs,
vertical strings hosting
multi-PMT  Digital
Optical Modules, DOMs)
are currently taking
data. The final detector
configuration will be
composed of 115 DUs,
over a volume of ~8
Mton

Figure 2. 3-D event display of
an event pussing through the
ORCAS DU detector. The
Cherenkov photons illuminating
the PMTs are depticted
together with the muon track
track.

Data sample and Neutrino selection

4.5 months of high-quality KM3NeT/ORCA data
acquired with 4 active DUs between July 2019 and
January 2020 have been considered. Neutrino-
induced track-like events, reconstructed as
upward-going, allow for a 99%-pure neutrino
sample with and event rate of 2-3 v/day.
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Figure 3. Top: Hit pattern in z-+t for a selected upgoing
neutrino event in the 4 ORCA DUs. Bottom: reconstructed
zenith distribution before and ofter selection cuts.

CENIRE O PAVSIOE 0ES
FARTCLES 0 ASELLE

First neutrino oscillation results

A refined event selection [2] has been used to study
neutrino oscillations. KM3NeT/ORCA data Favours the
hypothesis of oscillations at a significance level of
roughly 2o by measuring the zenith-dependent
differences in track-like event rates.

=
<]

[ KMBNeT preliminary -
ORCA4, 133.1 days livetime

number of events / bin
@
8
T

60
40
20 _|_
% X T ¥

05 0
cos(reconstructed zenith)
Figure 4. Effect of neutrino escillations on the zenith distribution
of the selected neutrino sample. Oscillations induce a ~30%

decrease in the number of detected events, more evident for
vertical upgeing reconstructed zenith.

Additional data, collected with 6 DUs, is being
analysed; events reconstructed as shower-like are
being included; Particle Identification is being
implemented, aiming to improve the upcoming studies
of neutrino oscillation physics [3].
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Expecting lots of new data!!

* ARCA: 6 operational DUs since April; expect 7 additional DUs in 2021
* ORCA: 6 operational DUs; 5 additional DUs by the end of 2021

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

» JUUMETOXN O€ €va Telpopal KaTtd T SLAPKELO TNE KATAOKEUAC TOU
» YUA\oyn kot avaAuon dedopevwy armo touc avixveutec ARCA & ORCA

e EAeyXOC TNC QITOKPLONG TOU avixveutr, Babuovounon

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

e ARCA: BeAtiotonoinon twv aAyopiBuwv yia tnv emtAoyr KoAA aVOKOTOOKEUOOEVWY YEYOVOTWV
* ORCA: BeAtiotonoinon Twv aAyoplBuwyv yLa tnv emtAoyn: yeyovotwy mou aAAnAemidpouv peca
OTOV QVLYVEUTH, LLOVLWV TTOU TIPOEPXOVTOAL ATTO VETPLVA TTOU £€pyovTal SLapecou tne NG

14/06/2021 E. Tzamariudaki 12



Expecting lots of new data!!

e VETPLVO TTOU TTapAyovTalL TNV atpuoodatpa
LLLOVLOL TTOU TTALpAyoVvTOlL OTNV aTtpuoodalpa

‘\
\Cosmic ray

YnioBabpo: Atuoodalplka LLOVLA KoL VETPLVO: \
o J I 14 4 \\‘
npotovta adpovikwv aAANAEMLOPACEWY TWV POPTLOUEVWV

™\

7 7 7 ’ Tt! “'\\T[
KOOULKWV OKTIVWV UE Ta LOpLa TNC ATHOoDaLPOC. kN
U \“
(J ARCA & ORCA data: atmospheric neutrino candidates 3
(atmospheric muon background suppression) j’;\e
e oUYKpLON TNC PONC UE TN PON TTIOU OVAUEVETAL OO T PN
SLapOoPETLKA LOVTEAQ TTIOU TIEPLYPAPOUV TOUC KOOULKOUC Ly
’ ", 1€ e
KOTOLLOVIOUOUG Yy
14/06/2021 g ;
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* VETPLVO 00TPOPUOIKNG TIPOEAEUONG ———> Onpa




Expecting lots of new data!!

* ARCA: 6 operational DUs since April; expect 7 additional DUs in 2021
* ORCA: 6 operational DUs; 5 additional DUs by the end of 2021

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

 Simulation studies: avayvwplon tn¢ tomoAoylac twv yeyovotwy (track — shower differentiation)
XpPNOLHoTIOLWVTOC HEBOSOUC UNXAVLKAC LABnong otoxevovtacg otn BeAtiotonoinon tng LKAvVOTNTOG
avakaAuPng dtaxutng pong VETPLvo aotpoPpUCLIKAC TIPOEAEVONG

 Multi-messenger astronomy: lNna tnv e€epevvnon Twv datvopuevwyv vPNANC EVEPYELOC OTO CULTTOV
araltteitol cuvduaopoc TN MTAnpodopilac Ao PwTOVLA, KOOULKEC OKTIVEC, BOPUTLKA KUHOTA KO
VETpivo.

14
14/06/2021 E. Tzamariudaki



Expecting lots of new data!!

* ARCA: 6 operational DUs since April; expect 7 additional DUs in 2021
* ORCA: 6 operational DUs; 5 additional DUs by the end of 2021

Acoustic neutrino detection: expecting new activities!!!

d Avamntuén pebodwv yLa tTnv avayvwplorn, To XapaKTNPLOUO Kol TNV KOTnyopLlomolnon NXNTLKwY
ONUATWY XPNOLLLOTIOLWVTOC TEXVLKEC LNXAVLKAC LABnong

d AvaAuon Twv YEYOVOTWVY MOV KAToypAdovTal armo TouC aKouoTlKoUc atoOntipec tov KM3NeT pue
oToYo TN dnuloupyia evocg trigger elOLKA yla acoustic neutrino detection

O Avamrtuén mpOTUMwWyY avIXVEUTLKWY SLATAEEWV AKOUOTLKNC avixveuonc os ouvepyaoia pe NL,
DE, IT, FR.

E. Tzamariudaki 15



NV €vapén tng EMoXNnG tng KOLTovonong Tov ZUUMOVTIOC XPNOLLOTIOLWVTOG
rtoAAartAou¢ popeic mAnpodopiog oo T aoTPOoPUOLKEG NYEC

MTopeite voL GUMUETEXETE OE OQLUTH TN GUVAPTIOLOTLKNA EMOXA!!
N'vwpiote to APP group:

» JUUUETOYXN O€ €va elpapa KATa TN SLAPKELA TNG KATAOKEUTC TOU

» JuA\oyn Katl avaAuon dedopgvwy amo touc avixveutéc ARCA & ORCA

» MeA€tn tng pong VETPLvo XpnoLpomolwvtag eEeAlypeEva epyaleia
avaAvong dedopevwv

» Efolkeiwon pe pebodouc unxavikng pabnoncg (BDTs, RFs, ...)

» Avixvevon vetpivo amnod aotpoduoIKES TtNYEC!

» Lots of fun!!

d Xpriotog Mapkou (cmarkou@inp.demokritos.gr)
O Awatepivn TCapaplouvdakn (katerina@inp.demokritos.gr)
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Cosmic Rays

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
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cosmic ray acceleration yields neutrinos and gammas with similar

nuclei
10"%eV l

EeV

abundance and energy spectra

E. Tzamariudaki

18

f



