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Nevutrino detectors

Nevutrino particles
Almost null mass and no electric charge
Difficult fo detect
Travel straight along intergalactic distances
Astrophysical messengers
Flavour change (oscillation)
Rarely interaction with matter occurs

M.Markov Detector needs
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- Located in the Mediterranean Sea A L e
- 3D Array of optical modules o " SE e
* Multiple optical sensors (DOMs) .
« Vertical strings of 18 DOMs each ' '
» Detection units (Dus)
» Size in building block (BB) units
« 1BB=115DUs
« 2015
» First string installed and first data
« 2031
« Completion foreseen
« 10 years of data taking

« 2026 AISBL
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'Oscillation Research with Cosmics in the Abyss (OR

Located 40Km off Toulon, France at ~2500'm _
dep.l.h KM3NeT / ORCA

Volume is about 7 Mtonnes (~0.007 km?) with
one bvilding block of 115 DUs

Nevtrino oscillation physics, including
determination of the neutrino mass orderlng it ‘
using atmospheric neutrinos in the GeV scale

New MEDC

MF2

Denser photosensor array improves sensifivity
to neutrino oscillation effects

Deployed 33 DUs so far




rAstropcwﬁc:le Research with Cosmics in the Abyss (/

Located 100Km off Capo Passero (Sicily], 1taly
at ~3500 m depth,

Focus: Astro particle physics and neutrino
astronomy - finding astrophysical sources of
neutrinos

Designed for high-energy cosmic neutrinos
(TeV-PeV)

Volume is about 2*500 Mtonnes (~1 km3) ~ two
building blocks of 115 DUs each

Deployed 51 DUs so far




rPhysic:s and Engineering challenges

* Noise sources
* Bioluminescence
« K40 radiation

« Calibration
« Position and orientation
« Acoustic & Compass position system
« Time synchronization
Light emitters

 Data

» Long-distance data and power
transmission

 Maximum bandwidth exploitation
« Redundancy

 Building

Dimensions
High pressure
Sea water chemical aggression
No maintenance (10-20 years)
High-quality components

« Same as aerospace
Costly marine campaigns

« Specialized Equipment/Crews

« Weather dependency

1,2 Marine Campaigns a year at most

* Environment
* No impacts on the biodiversity
« Decommissioning plan




"KM3NeT — Main detector components

%} 3" Pho.l.omU".Ipller (PMT) hi’re Rabbit Switches
4 High sensible photo-sensor, detects even a single photon ns—1GBSOp“CO'Nefwork§
, A PCB conftrols voltage and converts the analog input to a digital signal 5

A glass sphere containing 31 photomultipliers
A PCB with FPGA, sensors , and optical SFP/Glen-air transceiver

A hydrophone and a light emitter for positioning and time

synchronisation
Dry (ARCA/ORCA)

Detection Unit (DU) { ; Wet(ARCA

18 DOMs linked together by two ropes,
and an electro-optical cable

Base Module (BM) !
Link DOMs to the shore




Detector deployment and shape
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rAII data to shore

Off-shore | On-shore

QE
= Data Queue

elellg}
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- Discriminator TCP

UDP opftical N dataframe

datagrams
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DAQ hit

e WRS PMT Data Filter
“ﬂ Nanosecond
3D array of PMTs ’ “ Time Sync fime

time-over- O(103) DOTO\lﬁ’edUCﬂOﬁ

threshold

Detected light to ADC (HV Tuning ToT) .
The DOM’s FPGA sends information via UDP Data Writer

Time unsorted datagrams ordered by DQ
DQ sorts and dispatches to DFs (TimeSlices 100ms) —J

DFs Process a timeslice and applying triggering algorithms
DW stores the the raw data to the Disk




rCZompu’ring Model - Data management Plan

Tier 2 - H]g her-level anﬂyges Tiered hierarchical structure (LCG computing model)

Analysis

Local clusters, Personal computers, Clouds, ...

Tier 1 - Processing

ECAP ( e)
Calibrarion sets (Git) < KM3NeT DB, raw data

== Data processing
Reconstruction «— raw data + Calibration Mass data processing

Modeling fit « find energy and direction of neutrino candiddges CNAF -
Simulated Data <« Monte Carlo DSTs Summary file ARCAZORCA
Replicated ddata

Events
RAW files

BYNORGIN
hore STOTIOH (1) ’ ! Shore station(E

ARCA Al data to shore

DAQ filtered ‘raw data’ (onshore)

~300 Mb/s x DU (~30% of the final detectors)
Data daily sent to Tier 1

Tier 0 — Detector i i

10Gb/s - 520 TB/year

Files made of three hours each (run)

Sensors
data

INFRADEV2 D4.1 (31 March 2024)



https://cordis.europa.eu/project/id/101079679
https://www.km3net.org/wp-content/uploads/2024/04/KM3NeT-INFRADEV2-WP4-D4.1-v.approved.pdf
https://cds.cern.ch/record/840543/files/lhcc-2005-024.pdf

'Main CCs (T1)

CNAF Yearly negotiation (mid of the year) IN2P3 Yearly negotiation (end of the year)

Disk: 249.00/450 TB 55% SPS : 300/300TB 100% (user+data disk)

Tape: 3.76/250 TB 1% Storm + DAV PBS : 247/400G 62% (software $THRONG DIR)
Local/Grid HTC: 65 MHS06.h HPSS . 5/6PB (3+3 ANTARES)

Batch system — HT Condor XRootD 225TB
} Cache

Tape+Disk

NOIBN 80TB
DB 37TB (+5 GB yearly) .
SRR Local HTC: 280 MHS06.h
v GPUs: 25000 Hours
Other CCs Nikhef A G |"|d

HTC 50 MHS06.h
XrootD SE 150TB

Batch system - Slurm
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rOiher CCs and ICT Services

€ Nikhef (NI)
Stoomboot (Local cluster) @
ELPROD (Grid)

&) sURF (EGI) (N))

SARA, SARA-MATRIX (Grid)

T1

Storage: O(PB)
CPU: O(100MHS06h)
12

Storage: O(100TB)
CPU: O(10MHS06h)

€ AGH (P))

Cyfronet

&) IFIC (Es)

Gluon Artemis

&) HuLL (Uk)

Viper
@ Demokritos (Gr)

€ UM6P (Ma)

Dedicated Mol in progress - INFRADEV?2

ORACLE DB + KM3SAML

Production services
CORAL/CORMORANT
Sardine (Shift)

DIRAC (EGI — KM3NeT)

CNAF

|AM
(GAVIEN

NIKHEF

RUCIO

ECAP

RocketChat
Wiki

GitLab
elLog

Services

Indico
FTS

RAL (EGI)

CVMFS

CCPM

ORCA Monitoring

INIEN

ARCA Monitoring
DIA (Dom Integration)
VPN

Third parties
GOOGLE (km3net.de)
Drive
Doc
Sheet
Calendar
Groups
ZOOM

MS Teams
(Marine Campaigns)




Run based data processsing

"‘TT‘

Events generatlon —’_ Detector simulation —>- -
! e
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Reconstruction Analysis

'[ Detector data ]

Optics “+—Filtering E !Jl =- - _,-

Acoustic \ - . ) ‘
: Acoustic processing —» V
: DB Calibration

’ Detector
DOMs Logs configuration

T ture/P o q
o ompase ¢ Data Processing — Mass data processing

Compass

i ! li ; Run Based Data Processing ) Run Based Grid Data Processing

Developed for Clusters (IN2P3 - SIurm) Full working prototype
Maintainable Need multicore WNs

Configurable Direct storage access (xroo
Adapted for CNAF (HTCondor) Not yet in production
450 HSO6h per run




Grid transition

Scaling KM3NeT Computing for 10 years after
deployment

Both detectors will generate O(PB) year of data

Current Storage and computing resources will be
not enough

A distributed solution is required
INFRADEV?2 outcomes
Confirmed by STAC (Technical evaluation)

Two phases

1. Data management transition

1. Adoption of RUCIO as central DMS

2. Integration of RUCIO in data processing

3. Identification of Tierl storage elements (RSEs)
2. Toward a Grid-Native Production model

1. Merge the two Snakemake projects

2. Integrate RUCIO and Snakemake

3. Switch to the Grid data processing as the main
production system

ORCA Data volume per year

1500

== experimental raw data experimental + standard simulation data

1000

Data volume [TB]

Number of ORCA Detection Units

ARCA Data volume per year
2000 experimental raw data experimental + standard simulation data

1500

1000

Data volume [TB]

100 50

Number of ARCA Detection Units




The Grid (EGl.eu)

EGI MoU — November 2025 (Initial relationships since 2013)
EGI Operations services (GOCDB, GGUS, O.Portal, ...)

Sites
SURF-SARA, SARA-MATRIX, ELPROD, CNAF T1, IN2P3, ... (VO: km3net.org)

Services
CVMEFS (RAL), RUCIO (Nikhef), DIRAC (IN2P3), FTS (CERN), IAM (CNAF)

Grid Issues
Consolidated procedures and low know how

Legacy certificate transition (X509 — Tokens)

Sectigo decommissioning — HARICA/CERN/Other IGTF CAs
Rucio RSEs support for Tokens

Link of IAM users to KM3NeT users (KM3SAML)




. Hosted at NIKHEF (Kubernetes) — FTS (C N

. Transiting from a tester prototype to a prod%@’ﬁon service

. |AM users intfegration (MoU) + KM3SAML IdP

. Spread the usage know-how

. Data Efficiency: Scopes/Containers/Datasets, R.Rules, M.data

. User storage procedures (IN2P3’ /sps — Rucio)
. Snakemake integration (KM3NeT filesystem)

. RSEs - identification,
organization,
data-distribution,
replication



mailto:https://git.km3net.de/rucio/km3net-filesystem

'DIRAC, CVMS, KM3SAML

. New dedicated IﬂSTCIﬂCG (dirac. |n2p3 fr)
. Seamless migration: Users, Resources, .

. Membership not yet integrated WiTh IAM :
. Tokens support not yet ready (DIRAC X) gi:iiiﬁ?éc .
. RUCIO integration (rucio-plugin) GRID.NIKHEF.NI

GRID.SARA NI
. EGI CVMFS @RAL 18 CEs

. Issues integrating our software CI/CD (GSl) 57 Queues
. CNAF with publisher, ready for CI/CD (Evaluating)

5 Sites
GRID.CNAF.it

. Integrating KM3SAML in EQUGAIN (IAM)




Conclusions

Modular shape allowed to use the =
detector since the beginning |

Currently at ~30% of the full detector
size, completion ~2031

( 10 Years of of data taking after
deployment

Huge amount of data to process and
to analyse

Requiring to join dedicated
infrastructures (WLCG, LHCONE, ...)
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