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® Origin of Cosmic Rays
® Neutral messengers point back to their sources

= Neutrinos as

® Cosmic diffuse flux

® Point-like sources

® Multi-messenger approach

® Neutrons are short-lived, photons are likely to interact
cosmic probe
® Neutrinos are produced at sources via hadronic interactions
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. KM3NeT by design .

Main eletcro-optical cable

Cities and Sites of KM3NeT 4 > 50 Institutes
: > 250 Physics & Engineers
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Latest Marine Operations in September 2022,

new deployments for both ARCA and ORCA.
Accumulating data with growing detector.
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. ARCA construction phase .
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. Neutrino event topology .

g (CRs)
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z-t-Plot for DetlD-133 Run 13284, Framelndex 27604, TriggerCounter 685, Overlays 946, Trigger: MX 3DM 3DS
2022-09-22 03:46:00 UTC

.ARCA 21/ ORCA 11 Some triggered events .
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“*ARCA6 + ORCAG6

compared to ANTARES
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. ARCA Reconstruction performance .

Poster presented at Neutrino22
Track-like and shower-like events

Improved angular res. for shower-like events
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KM3NeT vs IceCube:
Con: 40K background, bioluminescence, need for real-time positioning, deep-sea operations, large throughput from the detector
Pro: 40K calibration, better view of the galactic center, no bubbles/dust —> better angular resolution
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https://zenodo.org/record/6804829#.YzWpzOxBxTY

. ARCA2 + ORCAT1 : atmospheric muon flux .
Eur. Phys. J. C 80 (2020) 99

KM3NeT * Single-DOM measurement
N B I o T T T T T
=SV R N T T = ORCA1 |4 * Useful to validate the calibration process
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http://:%20https://link.springer.com/article/10.1140/epjc/s10052-020-7629-z

Poster P0745 @ Neutrino 22

«time-integrated Point Source search

*46 candidate sources -red circles - (6 are extended sources)

eLivetime: 92 days (May-Sep 2021)
* Binned likelihood search

* No significant excess — as expected
* Limits not (yet) competitive — as expected

« Smallest p-value: p=0.02 for Centaurus A

(radio galaxy, yellow arrow) - compatible with background
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https://zenodo.org/record/6805394

. Core collapse supernovae .

d Eur. Phys. J. C81 (2021) 445
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> 50 for ARCA+ORCA for
27/Mo at a distance < 25 kpc

" ARCA6+ORCAS already sensitive to 60% ot Galactic CCSNe (<11 kpc) |

Joint real time trigger operational tor SNEWS since early 2019 ARCA 21: 1/3 w.r.t. the above

sensitivity
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. ARCA 6 : All sky and Galactic Ridge diffuse emission .

— ol s GALACTIC RIDGE search - 101 days live-time.
ON-OFF analysis
e ON region: |Lgl| <40° and |bgal| < 3°
e OFF region: shift in time of the ON region, no FermiBubbles

75° ON-OFF definition Arca

1"

60° 90° 120° 150°

-15°

galactic latitude [deg]
=)

Simulated signal flux:

~ 1.2 % 1078 (E/GeV)™** [GeV-' cm2 s sr1]

Jae gaiactic lonsitude (aea  Qalactic ridge search NO statistically significant excess found

Upper limit (UL) : 6.2 X 107* [GeV-T cm2 571 sr-1]

g 10°g N N Privileged position of the KM3NeT detectors, looking at the
g VSV SEAE KM3NeT Preliminary Southern sky, and at the Galactic Centre
% 02 ARCAG, 101 days livetime
% - _'_—!—_',_—q—!— o —— beckground ALL SKY search 101 days live-time
5 oL + : Multi-variate (BDT) technique adopted
= —+ +_ S P
= R
U i i ' | Simulated signal flux from IceCube (ICRC 2019) :
1= T | T
= 1.44 x 10718 (E/100 TeV)™>%8 [GeV~ ' em™2 s7! sr 1]
107 Obtained sensitivity for the corresponding flux :
- 173 x 10718 [GeV ' em™2 s T sr 1]
10—2 1 1 1 1 | | l 1 1 | 1 1 1 1 I 1 1 1 1 | I I | 1 1 1 1 I || | | | — | I S - I | I I |
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Poster PO173 @ Neutrino22
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https://zenodo.org/record/6767724#.Yx-cBy2ub-Y
https://zenodo.org/record/6767724#.Yx-cBy2ub-Y

. ARCA 8 - ORCA 10 : IceCube alert follow-ups .

KM3NeT

ON - OFF technique used

60°

- MC events OFF band

® ON region: circular region with optimized ROI o o et potir

45°

® OFF region: declination band of 10 standard time-
window of 1 day.

E-2 spectrum assumed Selection of up-going events é
Up to now followed-up IC alerts: >
. -60°
C211208A (x1 day), : (31 days), 10° cone
® [C211208A (31 dayS), ra [deg] - + Femnibprfs 0723;8;17|posi;i(<;:1 -
® CZZOZOSB (iz day)’ o . * o l;.ailf;aclosnh:v:)e'\:;\;:r:, 50% containmne
® C220225A (i’ day)l =0 [ : L * 2?£$:é?:§2n2::inati0j 99%
® |[C220304A (1 day) 25
PKS0735+17 =
also enlarged time window of 1 month % 1751 :
No significant discovery S . P |
Only 1 event found in the 1 month search with E 18 TeV with associated p-value: 0.14 . |
These analyses were performed off-line, oo . . .
They will be realised on-line within the Multi Messenger program KM3NeT preliminary

122.5 120.0 117.5 115.0 112.5 110.0 107.5 105.0
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. . . MultiMessenger Framework .
Real-time analysis framework

SN
monitor

Distribution
Reco

Classifier

Internal/External reporting (webpage, GCN notice/circular, SMS, e-mail)

Distribution

ORCA Shore Station

SN :

monitor| o sum
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. ORCA 6: neutrino oscillation .

KM3NeT preliminary
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. ORCA 6: Moon shadow .

— KM3NeT - ORCA6
13 months data taking

Cosmic Rays

2D histogram data moon

2D histogram data sun

KM3NeT/ORCA preliminary

KM3NeT/ORCA preliminary

Zenith [deg]
Zenith [deg]

135 1 05 0 05 1 15

-1. _
|
Significance >6 o Significance=4.2 o
Angular resolution = 0.8°+/-0.14° Angular resolution = 0.49°+/-0.15°

Moon-sun joint paper under finalisation - Ongoing the same analysis for ARCA => towards automatic. performance checks
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. ARCA 19 first look to data .

From ARCA 8 to ARCA 19 (June '22) and then ARCA 21 (September '22)
Data have started to be analyzed soon after the end of the commissioning phase

10* KM3NeT
4 ! - -
" preliminary
102
ARCA 19
": 10° ": od ' )
0 1)
— -
-
5 1072 e o
o o 100 = o —
- . 10-2
10-¢ | | preliminary { T
‘1 T T T T
1074 1072 10° 10?2 10°* 10% 10° -1.00-0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00
|
Ereco [GeV] cos(azenith)

New exciting results soon with ARCA 21 and so on
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. Conclusions .

o KM3NeT is active and taking data!

® Detector performance as good as expected. First science preliminary results (here
shown only a selection).

® ORCA currently taking data with 11 lines.
~10 more lines ready for deployment late 2022, early 2023.

+Funding assured, procurement and construction in progress, for ~50 strings.

® ARCA currently taking data with 21 lines.

+Funding assured, procurement and construction in progress, for ~130 strings.

® Detector mass production in regime stage. Production rate will increase in the next
years

®|nteresting physics results and intense Multi-messenger program in the next years!

Tommaso Chiarusi — (INFN Sezione Bologna 21 /122 “wer ' UHECR 2022 - 06/10/2022



Thanks for your attention !
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. DAQ general sketch and used technologies . .

n-shore s
Off-shore O . . Remote facilities _ _
(Sshore station facility) | White Rabbit
Detector: h : f \ f : a ORACLE
: : liz
DOM/Bases : Trigger and Data Acquisition x Monitoring and Julia
@ System On-line Multi- Messenger (f q E
! & (TriDAS) services | g
; \docker j : 4 ZA HTML —}
Fast Acquisition '“‘I’I"::gg FLTR Selected XM L
to shore 10-25GbE External
(Optical, Acoustic E TCP/IP )Ii _e:("a :
itori ; Class B Inks .
Monitoring) : 10 GbE | CNAE
\ J TCP/IP (Bologna -
RAW
CTL
Time Sync LAN L _§ /’ LAN
Data Hybrid-Asym. .’.-. Std. Ethernet
g, o« WR-Ethernet & 1-2 GbE
White Rabbit PTP UDP/IP NETWORK [Pl
(WR) @ Class A Roistalier 0 . b
: (France) , )
5 a— 5 Grafana
Slow Control Data : ‘_ : 200s ANSIBLE
oo 1| “ 5 ZABBI X e
instrument data) : : ZAB B I X S %) ——
Y Ry : Ne’r;;rk-Flle'Sys’ren
: : DataBase "‘
\_ J | GPS Control Unit : (Il’ialy and | & '\‘g CentOS
. (CU) 5 rance) e o 2
= Observium i ? O D S

& QmF CU details in

Cristiano Bozza’s talk

I Tommaso Chiarusi — (INFN Sezione Bologna 24 /22 = UHECR 2022 - 06/10/2022 I



. ARCA Shore station ““Broadcast scenario” .

-

KM3NeT

DOM Front End
Switch sectors

White Rabbit switch sector

Optical sector
(mux/demux/amplifier)

) « C Doad R

JB3tack — JB1 rack JB2rack
(12 DUs) (8 DUs) (12 DUs)

ARCA shore station
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. Slide Title .

Angular resolution track channel

Arcab Median angular distance reco tracks dynamic vs static calibration [deg]
10°E . - x e
: | | v, and v, CC | — T
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DOMs in function of time e - g ki

Time [s]
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e  Selection based on track signature: mostly v,

ORCA®B, 354.6 days

. ORCA 6: neutrino oscillation .

ORCAB, 354.6 days
§ Data 773 atm. u + v (no osc.)
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. ARCA construction phase .
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