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DEMOKRITOS

W Netplvo — H apxn

Physikalisches Institut
der Eidg. Technischen Hochschule Zirich, L. Des. 1930
Qrich Cloriastrasse

ILiebe Radioaktive Damen und Herren,

Wie der Ueberbringer dieser Zeilen, den ich mldvollst
ansuhbren bitte, Ihnen des niheren auseinandersetsen wird, bin ich
angesichts der "falschen" Statistik der N und Li-6 Kerne, sowie
des kontimuierlichen beta-Spektrums suf cinen versweifelten /umieg
verfallen um den "Wechselsats® (1) der Statistik und den Energiesats
su retten. MNimlich die Moglichkeit, es kbnnten elekirisch neutrale
Teilchen, die ich Neutronen nemmen will, in den Kernen existieren,
welche den Spin 1/2 haben und das Ausschliessungsprinsip befolgen und
‘dheh von lichtquanten susserdem noch dadurch unterscheiden, dass sie

mit Lichtgeschwindigkeit laufen. Die Masae der Neutronen

von dersslben Orossenordmng wie die Elektronemasse sein und

s nicht grosser als 0,01 Protonermassec- Das kontimiierliche
&lﬂl wire dann nrct';’ndlich unter der Annahme, dass beim

tron emittiert
bobe-Zerfall mit dem Rlektron jeweils noch ein Neu

aird, derart, dass die Summe der Energien von Neutron und klektiron
konstant ist.

Wolfgang Pauli — 1930

n >pt+e+Vv

Cowan—Reines neutrino experiment — 1956

V+p on+e

1995

Martin L. Perl
Prize share: 1/2

The Nobel Prize in Phys

® University of California

egents
Frederick Reines

20 July 1956, Volume 124, Number 3212 SCI ENCE

Detection of the Free

Neutrino: a Confirmation

C. L. Cowan, Jr., F. Reines, F. B. Harrison,
H. W. Kruse, A. D. McGuire

A tentative identification of the free
neutrino was made in an i

present work was done (3). This work

performed at Hanford (1) in 1953. In
that work the reaction

vobppan m

was employed wherein the intense neu-
trino flux from fission-fragment decay

the results obtained at Hanford
and so verifies the ino h hesi

both triads. The detector was completely
enclosed by a paraffin and lead shield
and was located in an underground room
of the reactor building which provides
excellent shielding from both the reactor
neutrons and gamma rays and from
cosmic rays.

The signals from a bank of preampli-
fiers connected to the scintillation tanks
were transmitted via coaxial lines to an
electronic analyzing system in a trailer
van parked outside the reactor building.
Two independent sets of equip were
used to analyze and record the operation
of the two triad detectors, Linear ampli-
fiers fed the signals to pulse-height selece
tion gates and coincidence circuits. When
the required pulse amplitudes and co-
incid (prompt and delayed) were

2 efimed

YP
suggested by Pauli (#) and incorporated
in a quantitative theory of beta decay by
Fermi (3).

In this experiment, a detailed check of
cach term of Eq. | was made using a

the sweeps of two triple-beam
oscilloscopes were triggered, and the
pulses from the complete event were
recorded photographically. The three
beams of both oscilloscopes recorded sig-
nals from their respective scintillation




Standard Model of Elementary Particles

three generations of matter
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To KoOLEPWHEVO TIPOTUTIO
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AEN €xouv pala
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Higgs

The Nobel Prize in Physics
2015

Photo: A. Mahmoud

Arihur B. McDonald

Photo: A. Mahmoud
Takaaki Kajita

Prize share: 1/2

Prize share: 1/2

The Nobel Prize in Physics 2015 was awarded jointly to Takaaki
Kajita and Arthur B. McDonald "for the discovery of neutrino
oscillations, which shows that neutrinos have mass”

Kt opwc¢ EXOYN pada!



Supernovae
Hypernovae

Starburst Galaxies

Galaxy Clusters
Mergers

Cosmic Rays

Mopaywyn VETPLVO OTLC TIEPLOXEC OTTIOU
adpovia emttayvvovtal o€ UPNAEC EVEPYELEC

MoAalotepa aoTPoPUGCLKA LLOVTEAQL:
A\emtovika!

Mo cuyxpova: Meién Aemtoviwv pe adpovia

|||||||




Supernovae
Hypernovae

Starburst Galaxies

Galaxy Clusters
Mergers

Cosmic Rays

Ertitayvvon adpoviwv - v
pr+(pMy)—> ..+ /KE+ ..
[ KED Ly, [Vt +
uE>e*+v, /v, +v,/ Vet ..
n—> p*+e +v,
> vy+y




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

[ﬁc"

3 ‘M" - —

104

cosmological max of star formation opaque to photons;
10° transparent to neutrinos

10? I nearest blazar

101 -

100 -
nearest galaxy

Distance [Mpc]

10-1 -

1 0—2 -
galactic center
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[l TNV e€epelivnon TwV PaLVOUEVWVY
VP NANC EVEPYELOC OTO CUUTTOV
arnatteital cuvduacopoc tAnpodopiag
amno:

* dwtovLd

e VETPlVO

BapuTika KUpaTO

KOOMLKEC OKTIVEC

106 104 102 10° 10> 10*  10°  10® 10 10" 10" 10 10"
Energy [eV]

v =2 AAMNAEMOpoUV AMOKAELOTIKA LECW aoBOeVOUQ
aAAnAentidpaoncg kata to K1

* Taklbevouv o€ evBUYpAUEC TPOYLEC!

 Mpaktikd, 6ev amopodwvToL ATO TNV LECOACTPLKN UVAN!

10IZO

Cosmic
Accelerator




Ta vetpiva aAAnAemibpouv pe:
e  AMnAenibpaon GOPTIOUEVOU PEVUATOC TTAPAYOVTOLG
ToL avtioTtolya Aemtovia
*  AMnAenibpoon oubETEPOU PEVATOC TTIOPAYOVTOG
adPOVLIKO KATALYLOMO

Cherenkov cone

Ta Aemttovia mou mapayovtal EKTTEUTTOUV &
aktvoBoAia Cherenkov Charged particle

* XpnotuomotoUue ™ I'n w¢ otoyo
o Jwuatidia ue avodikn mopeia
TIPOEp)ovToL olyoupa arto VETpiva! TOUG KATALYLOMOUG UTTOPEL VAL EVTIOTULOTEL N
KateLOuvon tTou vetpivou

AvaKoTOoKEUAL{OVTOC TLC TPOXLEC TWV HLOVIWV N



IceCube-
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[l TNV e€epelivnon Twv PaLVOUEVWY
VP NAARC EVEPYELAC OTO CUUTTAV
arnatteital cuvduacopog tAnpodopiag
arto:

* pwtovia

* VETPLVO

* BapuTtika KUpOTO

* KOOMLKEC QKTLVEG

>TLC 22/09/2017 veTpilvo EVEPYELOC
~300 TeV aviyvelOnke armno to
tnAeokormnio vetpivo IceCube.

YUUTTWON 30 UE TLC TIAPATNPNOELS
tou Flaring Blazar TXS 0506+056
arto ta Fermi-LAT kat MAGIC
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@ KM3NeT: A Distributed Research Infrastructure

Detection Unit
Oscillation Research Astroparticle Research (DU)

with Cosmics In the Abyss with Cosmics In the Abyss ;
Low-energy studies of High-energy neutrino ? \

atmospheric neutrinos astrophysics



Cosmic Rays
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acceleration sources remain

mostly unknown

KM3NeT-ARCA

» Sky maps with unprecedented angular resolution

e tracks @ 10 TeV : ~0.1°
e cascades @ 10TeV :<2°

» High visibility (~70%) of the Galactic Centre

Mkn S0

SS438

invisible

Galactic
Center

Astrophysical Neutrino Flux (IceCube)

Prompt upp:r‘tmc»,+.,.,;[1;:x s:s] o : Astrophysical Fluxes

— - c tr, 43,0 1 [1.07x Hondazans] | (on top of atmospheric)
TH 6 ' ess HESE Differential
= 10 mmm HESE 1-Component (E %) |}
‘u; IceCube Preliminary
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Neutrino Energy [GeV]
from C. Kopper NOW 2018

To tnAeokomio vetpivo
IceCube (otov nayo tng
AVTOopKTIKNAG) mapatnpel
VETPLVO LLE EVEPYELEC EWG
~108GeV — aAAa n npoéAsvon
TWV VETPivo autwv dev givau
yvwotn

» Confirm measured astrophysical neutrino flux by IceCube

» Multi-messenger astronomy
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normal ordering (NO) inverted ordering (10)
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Measure 6 and E, for
upgoing atmospheric
neutrinos (GeV scale)

4

Treatment of systematics is important

2

Atmospheric neutrinos:
"free beam"” of known composition (v, v,)

Oscillation pattern distorted by Earth matter effects
maximum difference for 8=130° (7645 km) and E, = 7 GeV

KM3NeT-ORCA: Oscillation Research with Cosmics in the Abyss

measuring the neutrino mass ordering (MC Simulation)
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» low¢ 0 TIAE0V UTIOOXOHEVOC TPOTIOC avixveuonc Vetpivo e€alpeTikd uPnAwV evepyeLwv (KOoTog — SuvatdtnTeg)
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AvAaAuon 0LKOUGTLKOU GALLOTOC KOl Kotnyoplomoinon:

* Avapevopevo onpa ano aAAnAenidpaon vetpivo

e Aebopgva amo tnv kataypodn tTwv vdpodwvwy (Kaapdta
2018) Kkat Twv akouoTKwV atcontripwyv tou KM3NeT yia tnv

npooopoiwon tou unoBabpou.




e Kataokeun Kol EAEYXOC OTITLKWYV OTOLXElWV Tou Ttelpapoatoc KM3NeT
JUHUUETOXN OTn PaBovopnon Kat Tov EAeyX0 cuVIoCTWowV Twv DOMSs
‘EAEYXOC TNC OVTOXNG TWV OUVIOTWOWV Twv DOMs otnv mniieon tng Bablac Balaocoag
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atmospheric neutrino candidates from the first 2 KM3NeT/ARCA DUs

All reconstructed events

Selected events

£107 5 o
= E KM3NeT preliminary 2. .F KM3NeT preliminary
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@ 2 .
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§1O4 5 —}— data . - .
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* KM3NeT official analysis/results F . . g S
* Analysis presented in the International Cosmic Ray Conference —ICRC 2019 s ———=———sr———%n———%n = T

Expecting lots of new data!!

* ARCA: 12 operational DUs before summer 2021
* ORCA: 6 operational DUs (next sea campaign); 7 additional DUs by the end of 2021




Expecting lots of new data!!

 ARCA: 12 operational DUs before summer 2021

Chey  ORCA: 6 operational DUs (since yesterday); 7 additional DUs by the
g end of 2021

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

e ARCA: BeAtiotonoinon twv aAyopiBuwv yla tnv emtloyrn KAAQ oVOKOTOUOKEUACUEVWVY YEYOVOTWV

* ORCA: BeAtiotonoinon Twv aAyoplBuwv yla tnv emtloyn: yeyovotwyv mou aAAnAemnidpouv peoa
OTOV QWVLXVEUTH, LLOViWV TIOU TIPOEPXOVTOL ATIO VETPLVO TTou £pyovtal dlapecou tTnS 'ng

e Data/ MC comparisons: oUykpLon Th¢ Pon¢ ATHOCPALPLKWY LLLOVIWV LLE TN PON TTIOU AVAUEVETOL
arto ta SLAPOPETIKA LOVTEAQ TTOU TIEPLYPADOUV TOUC KOGULKOUC KOTALOVIOMOUG

[ Simulation studies: avayvwplon tn¢ tomoAoylac twv yeyovotwv (track — shower differentiation)

XpNoLomolwvtag HeBodouc unxavikng pabnong, BeAtiotomoinon tng tkavotntag avakaAuvPng
dLaxuTNnNg pong VeETpivo aotpoduoLKNC TIPOEAEUONC

 Multi-messenger astronomy: lNna tnv e€gpevvnon Twv datvopuevwyv vPnANC EVEPYELOC OTO CUUTIOV

aralteitol cuvduaouog TN TAnpodopilac amo GwToOVLA, KOOMLIKEC AKTIVES, PAPUTLKA KULOTOL Kait
VETPLvO.




Expecting lots of new data!!

 ARCA: 12 operational DUs before summer 2021
 ORCA: 6 operational DUs (since yesterday); 7 additional DUs by the
end of 2021

Acoustic neutrino detection: expecting new activities!!!

O Avamtuén pebodwv yla tnv avayvwpLlon, To XapaKTNPLOMO KoL TV KOTNYOPLOTIOLNoN NXNTKWVY
ONUATWY XPNOLLLOTIOLWVTOC TEXVLKEC UNXAVLKAC LABOnong

d AvdAuon Twv YeEYovOoTwyv Tou Kataypadovtal amo Toug akouoTkou¢ atoOntripec tou KM3NeT pe
oToxo tn dnuloupyia evog trigger el&kA yLa acoustic neutrino detection

d Avamtuén mpoTtumwy aviXVEUTIKWY SLataéewv aKOUOTIKAC avixveuonc os cuvepyaoia pe NL,
DE, IT, FR.
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Expecting lots of new data!!

 ARCA: 12 operational DUs before summer 2021
 ORCA: 6 operational DUs (since yesterday); 7 additional DUs by the
end of 2021

Acoustic neutrino detection: expecting new activities!!!

O Awatepivn Tapaplouvdakn (katerina@inp.demokritos.gr)
4 Xpnotog Mapkou (cmarkou@inp.demokritos.gr)
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