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KM3NeT: the new-generation neutrino
telescope in the Mediterranean Sea

ANTARES: complete since 2008 KM3NeT: under construction

25 storeys / line
. 3 PMTs / storey
* . 90010” PMTs

~10 Mton 230 ARCA + 115 ORCA lines
| B ~1 Gton ~8 Mton

121lines @\ Same size of sphere (17”)
First line operating for 13.5 years!

ANTARES storey | 00/ VKMSNeT DOM (Digital Optical Module)

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019



@ Why the Mediterranean Sea?

 Good optical properties of sea water (low scattering) =>
optimal pointing accuracy

* Ideal location to look at the Southern sky (including Galactic
Centre) through upward-going neutrinos

In fact: fields of view from South Pole and from the
Mediterranean sea are complementary

View from South Pole (up-going neutrinos) View from Mediterranean Sea (up-going neutrinos)

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019



9 KM3NeT “Building Blocks”

ARCA/ORCA
ORCA: 4 L 1 [ "
115 strings o - L L
18 DOMs [ string - -
— 225 m / - P - 1 - [ B n E 1 n 4
!:- Nallalsl . g 1 ...lll. u rll J- B o=
. E I:I ] " r ] % = E a !
g E 1 1 " r I'..-.r [ | 1 i n
g [ n n b L 1 - 1 . 1 n
.-1"’.;-"" [ — ] L] . [N F 1 - - [ ] 1
i d - 1 r
A0 - ]
il /- |
] B 1] 1 A0
x mf
String spacing 23 m 90 m
« ~8 Mton instrumented OM spacing om 36m
31 PMTs / DOM Instrumented 8 Mton 500*2 Mton

* Total: 64k*3” PMTs mass

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019



KM3NeT

* Multi-site, deep-sea infrastructure

* Single collaboration, single technology

 Two outstanding physics cases: neutrino : x|
oscillations and neutrino-astronomy B -

Oscillation Research
with Cosmics In the Abyss

‘ M3NeT-It site

Maps not in same scale!

’ Astroparticle Research

i& with Cosmics In the Abyss
® Marrakesh /_\‘\

Connection nodes of

KM3NeT 2.0: Letter of Intent mulidisciplinary
http://dx.doi.org/10.1088/0954-3899/43/8/084001 pesfoor st o @ N1 S O

J. Phys. G: Nucl. Part. Phys. 43 (2016) 084001
Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019



http://dx.doi.org/10.1088/0954-3899/43/8/084001
http://dx.doi.org/10.1088/0954-3899/43/8/084001

l SHOWER:-like events TRACK:-like events I

EM cascade

o I }Q{ . ’2{

— Sy

oy

hadronic shower

hadronic shower

NC

Angular resolution 10°/1°
at 100 TeV for ice/water

Energy resolution ~ 5%

80% of all neutrino interactions

Marco Circella, KM3NeT, TeVPA,

T decay products

hadronic shower

/L

hadronic shower

Hadronic shower + muon track

Angular resolution 0.5°/0.1°
at 100 TeV for ice/water

dE/dx resolution factor 2-3

Sydney, 3 Dec. 2019



@ Neutrino oscillation studies with KM3NeT/ORCA

Normal hierarchy Inverted hierarchy .
) ', Systematics
LN | [ V2 TN (1 . . .
- : gam e Neutrino oscillation parameters
. " e Atmospheric neutrino flux

Ve e parameters

|:|I/p‘ atm

. VT 6_ T T T | T T T | T T | T T T : T T T : T T T : T T ]
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E. [GeV] > 40 in 3 years for NO and large 023

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019



« Neutrino-astronomy with KM3NeT/ARCA

KM3NeT

o7 HKM3NeT T "KmM3NeT/ARCA, 6y | & SF

- leeCube, 7 y 8 SO L ]

= I —— ANTARES, 9y q i

< = C

—~ 108 b 4_—/'/ | “é 4—_ ...................................................................................................................................... ]

I = 3 o [ :

Sk S Z NS 75V 2 N W Ry :

% : : 3b— [ 7 prmmmmmm—— combined *
B H ; ; ; Vi CONVentional uncertainty‘:

glo—g = = oL f S N .. Vo PrOMP uncertanty

i, ~—— ] M B A

&110_10 | | L | ) | flux per flavour 1.2 10°® (EI‘IE GeV)? exép(—ElS Pe‘?/) GeV'sr' s cm-2§:

-1 -0.5 0 0.5 1 ' ' L i B

| I R B R IS -
sin(5) Y05 1T 15 2 25 3 35
Observation time [years]
Localized sources:
1 order of magnitude improvement compared to Diffuse flux:
lceCube for Southern sky « 50in ~ 0.5 year for the full detector (230 DUs)
« Sensitiviy improved by a factor >30 w.r.t. - 50 ~ 1 year for one-block detector (115 DUs)
ANTARES

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019



Dark Matter

Dark matter

particles ()

Dark matter

particles '

The Sun D

Meutrings produced from

decays of annihiation
praducts may be detected,

Galactic Centre: ARCA230

Sun: ORCA115

—— ANTARES 11 years NFW ==m= KNM3NeT ARCA 230 lines 1 year NFW

HESS 10 years GG survey Einasto

VERITAS Dwarf Spheroidals NFW

[DRCA 115 (5 years), ANTARES (2007-2012), lceCube {2011-2014), 5K {1996-2012), PICO {2016-201

KM3NeT Preliminary

Fermi+MAGIC Dwarf Spheroidals NFW

IceCube 1C86 WIMP GC NFW
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101 107 10° 10° 15 20 25 30 35 40 45 50
Muimp [GeV]

L'Dg Mwime [ GeV/ c2 ]
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Core Collapse SuperNovae (CCSN)

Increase of the DOM rates due to many MeV neutrinos from the collapse

102
o e ARCA background KM3NeT ﬁcc’:*;:’;;"- 27 Mo
'l Side View ol «  ORCA background 100 PRELIMINARY e i
H 27 Mo at 10 kpc A ARCAORCA, 1Mo
— 10°% Mo at? e g, 50- ARCA, 11 Mo
N H s mm ORCA, 11 Mo
. = ! KM3NeT PRELIMINARY <
9 )
{8 D © 107! _ 0
< 5 ! $
3 &
%@ PMT A 1072 2 £ 10
I Muon ¢ Iy 2
3 10-3 rejeﬁtign . 1 ‘)
applie
Each single DOM 3L AN | ' ‘
can act as a detector W & 7 8 8§ 10 N
Multiplicity distance [kpc]
>50 for ARCA+ORCA for
ARCA 230 DU + ORCA 115 DU 27M@at a distance <25kpc

Threshold 11 Mg 2TM,,
1/14days 125kpc 23 kpc

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019



KM3NeT Technology

Detectlon Unit Deployment VEhlcle
Digital Optical Module - i ‘

W 00¢ 40 00L ~

— 31x3” PMTs
— Gbit/s on optical fibre — 2 dyneema ropes .
e — Rapid deployment
— i ' i — Qil-filled PE hose backbone
Hybn:ld Vr\]/h't; Rabb|t- , _ Low drag — Multiple DUs/sea campaign
— LEDflasher & acoustic piezo — Autonomous/ROV unfurling
— Tiltmeter/compass — Low cost

— Reuseable
Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019



ORCA 1st DU connection (22 Sept 2017)
Check the movie on: https://youtu.be/dMjN93H7Nvo !

-
‘%“&Wm\}\‘ ——

gt

-

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019


https://youtu.be/dMjN93H7Nvo

More on the KM3NeT DOM

106 LI A N A S B S S S B N B D B B B B
Side View Bottom View 10° KM3NeT DOM
10* —— Data - 40h 4min
1 03 I simulation - Muons
— I simulation - “°K
i 102 - Combinatorial Background
o 10 (A)
e 1
10
102
10°
10"
10°
T_i_tfl‘_”"“ m 5 10 15 20 25 30
s PMT multiplicity

o Digital photon counting capabilities
and directional sensitivity
Eur. Phys. J. C (2014) 74:3056

* Photocathode area equivalent to 3 x 10” PMT

 DAQ, front-end electronics and calibration devices included
e Digital photon counting

 ~4mangular acceptance

* improved optical-background rejection

» directional information => good event reconstruction

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019



40K: Inter-PMT Calibration
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Knowledge of efficiencies vs zenith - important for NMH measurement in ORCA Run date
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KM3NeT — muon depth dependence

2 DUs of ARCA (Dec 237 2016 - Mar 2" 2017) Muon flux as a function of depth compared
and 1 DU of ORCA (NOV 9th 2017 — Dec 13th 2017) to Bugaev model (Bugaev et al, Phys. Rev. D 58 1998 054001)
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= 0.09_; : : :
N " Fe |
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§007}°0M.~ ¢ ORCADUI ;2 | B © KM3NeT | |
E O A ARCA DU1 corrected % 3 _.__ ':AN:AIRES
006*%%0 Y ARCA DU2 corrected = o=
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https://arxiv.org/pdf/1906.02704.pdf

PMT detection efficiency calibration verified

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019
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ORCA1: first muons and neutrinos
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KM3NeT detectors — neutrino selection

Up-going atmospheric neutrino selection

ARCA2 =2 DUs @ ARCASITE ORCA1 =1 DU @ ORCASITE
Dec 2372016 - Mar 2" 2017 Sep 28t 2017 — Dec 13* 2017

Mar 13t 2019 — May 15% 2019
Eth ~100 GeV

trigger rate patm ~0.2 Hz ; vaim ~1/day Eih ~ few GeV
trigger rate Hatm ~2 Hz; Vatm ~10/day

c 107 E £ 1 07
o) E .. imi
~ F KM3NeT preliminary |final events o - KM3NeT preliminary et
8.6 L - —
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E10t o 1075 d
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DATA: ~6 neutrinos cos(Brec)<-0.8

DATA: ~77 neutrinos cos(Brec)< 0
MC: Matm 0+ Vatm 3.3

Good Data-MC agreement MC: Hatm 4 + Vatm 67.5
Detecting neutrinos with 1-2 DUs

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019




KM3NeT status

DOM Activity for DetlD-44 - via Summary Slices
Mon Jul 22 23:59:50 2019 UTC
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Det 44 Run 6182 Frame Index 199530
Trigger: 3d_muon 3d_shower mx_shower

ORCA4: neutrino events
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ClassficationScore = 1.00
BestMuonZenith= 133"
BestMuonDz = 0.68
CoC=113.38
ToT=2251
ChargeAbove = 2086
ChargeBelow = 165
ChargeRatio=0.93
DeltaPosZ = — 37.97
FirstPartPosZ = 99.08
LastPartPosZ = 137.05
RecoQuality =250.76
RecoNDF =99
QDivNdf=2.53
NSnapHits = 149
NTrigHits = 84
NTrigDOMs = 25
NTrigLines = 4
NSpeedVetoHits= 0
NGeometryVetoHits =0

Earliest Cherenkov
light at PMT
from Reco Track
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All Hits (PMTs)
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ClassficationScore = 1.00
BestMuonZenith=134"
BestMuonDz = 0.70
CoC=87.70

ToT= 2068
ChargeAbove = 2041
ChargeBelow =27
ChargeRatio = 0.99
DeltaPosZ = - 52.53
FirstPartPosZ = 65.02
LastPartPosZ = 117.55
RecoQuality =260.27
RecoNDF =102
QDivNdrf=2.55
NSnapHits = 140
NTrigHits = 83
NTrigDOMs = 26
NTrigLines = 4
NSpeedVetoHits=0
NGeometryVetoHits =0

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019










« Conclusions - outlook

 KM3NeT has developed the technology for a new-generation under-sea
neutrino-telescope

 The Mediterranean Sea is a very convenient installation site
 Two outstanding physics cases
— ARCA will study the cosmic neutrino flux (all channels)
— ORCA will determine neutrino mass ordering
* Synergies are in place:
— The Collaboration is growing
— KM3NeT is part of the Global Neutrino Network (GNN) C'| N N ~

The GLObal NeUutrino NetWwork \

— Getting prepared to multi-messenger investigation of
the cosmos

— First GCN circular released recently (#26249, after
LIGO/Virgo S191110af GW event)

* The first detection units of both ARCA and ORCA work nicely

ANTARES
KM3NeT

IceCube

e Construction of the two detectors is ongoing!

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019



>
Thank you!

If you want to know more:

e-mail: marco.circella@ba.infn.it

web: http://www.km3net.org

Marco Circella, KM3NeT, TeVPA, Sydney, 3 Dec. 2019
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