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. Summary table

*The KM3NeT Data Acquisition System, a general overview
*The detection element, the DOM

Details about the data transfer: UDP packets and timeslice
*PMT signal (hit digitization, TT, ToT, delayed, afterpulses)
Trigger, data writing (event concept)

*Control and Monitoring

*On-line for Multi-messenger program

QOutlook
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. The Astrophysics case

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

® Origin of Cosmic Rays

® Neutral messengers point back to their sources
® Neutrons are short-lived, photons are likely to interact
= Neutrinos as cosmic probe
® Neutrinos are produced at sources via hadronic interactions
® Cosmic diffuse tlux
® Point-like sources
® Multi-messenger approach
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. Neutrino event topology

g (CRs)
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' . DAQ Constraints and key-feature

© big volumes
© water optical properties (absorption & scattering of blue-green photons ~ 50-100 m)
©good angular resolution O(.10) for sky pointing (that’s neutrino ASTRONOMY)

w Many detection elements (N. OMs > O(1000)/km?) deployed in bunches
mw SCALABLE DAQ design

© No “beam crossing” reference such as for experiments at Colliders
© complex DAQ structures in extreme conditions (mandatory: minimal underwater complexity)

w  ALL DATA TO SHORE (a.k.a. trigger-less streaming readout ) approach

DRAWBACKS
signal-to-noise ratio extremely disfavoured :
muon rate (atmospheric dominating) - O(100) Hz/km3
10K decays (~constant) . O(10) kHz/PMT(3”, 0.5 p.e. threshold)
Bioluminescence (occasional) . O(100) kHz/PMT(3”, 0.5 p.e. threshold)

- High continuous throughput to shore, needed large bandwidth switching infrastructure
and a strong data reduction
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Cities and Sites of KM3NeT
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ARCA ORCA

Location ltaly (Sicily) France (Toulon)
Anchor depth 3450 m 2450 m
Distance from shore 100 km 40 km
DUs 115x2 blocks 115

DU horizontal spacing
DOM vertical spacing

DOMs/DU
PMTs/DOM 31 31
Instrumented water mass 1 Gton 7 Mton
DUs deployed so far 28—-33 23
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DISr=teilelal it 119 DUs per Building Block
DU Paper: Eur. Phys. J. C 76 (2016) 76:54

Digital Optical Module

(DOM)
31x 3” PMTs (Physics)
piezo acoustic sensor

(positioning)
system sensors (monitoring)

DOM Paper: 2022 JINST 17 PO/703

18 DOMs/DU

Acoustic beacon
(optional)

Hydrophone

Acoustic
beacon

.........
......

DU-Base Module (DU-BM) - Instruments - no PMT

OFINe)e=1ile]aMUlalld O(1) CUs per Building Block

Instrumentation Unit

Acoustic beacon

ADCP: Curéent Profiler

Hydrophone

Laser beacon

3ul] uoljeluawWnNIISU|

Calibration Base Module (CU-BM)
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https://doi.org/10.1088/1748-0221/17/07/P07038
http://link.springer.com/article/10.1140/epjc/s10052-015-3868-9?wt_mc=internal.event.1.SEM.ArticleAuthorIncrementalIssue

. DOM and DU construction

| | - amya%1 | DOM: 8sites
: * o : ...... -. e .. ) k- ’ '. : ( . : ; DU: 5 Sites

+ sites for
base containers
3 B\ 4 N electronics,

LOM Paper: 2020 JINST 15 P11027
Espresso Seminars - Laboratori Nazionali del Sud - 07/05/2025 '
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https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11027
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. Detection Unit Deployment
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The Digital Optical Module, DOM
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e . Data streams
Fast-acquisition data

(The optical data-stream (TDC channel) is composed of the digitised signals (the hits) produced by all the 3"
PMTs of the DOMs. The optical information provides with the observables needed for the principal Physics and
Astrophysics measures performed with the KM3NeT telescope. The basic information of the optical hit is its time of
Qccurrence and the time-over-threshold (ToT), a quantity which is related to the intensity of the PMT signal.

-~

- The acoustic data-stream (AES channel) is composed of the digitised signals of the acoustic sensors (piezo-
electric sensor, on the DOMs, and hydrophones on the string-bases and Calibration units). The acoustic information
iQused to retrieve the position of each element of the strings.

~

- The monitoring channel (MON channel) is composed of a stream of subsequent data-frames from every DOM,
each of the same duration (generally 100 ms) and containing a summary of the DOM records and status occurred
@ring the data-frame time interval.

Slow control data

* The slow control data-stream is composed of all the broadcasts, multicasts or direct-casts for distributing
commands from the shore-station to the offshore detector, and the possible feedbacks from the DOMs.

fl'he instrument data-stream is composed of data from compass, temperature and relative humidity sensors.
In addition, the DOM uses this data stream to send to shore a number of status parameter related to all
the subsystem of the implemented electronics.

\_
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. The White Rabbit: time synchronisation over network

Exchange and processing of
WR-PTP packets
over ethernet

[I‘ime & Dataﬂ PR Control
Master

s

(B (D)
NN

WR WR
A L
vallt‘ch T Switch

® Enhanced synchronous ethernet

® Synchronisation: accuracy better than 1 ns;
precision (tens of ps stdev skew max)

0

SW|tch

H\

L\ 10km

SWItch

f

® Deterministic reliable and low latency
control-data delivery

T Standard
‘& GbE Switch

Currently used releases in KM3NeT DAQ: Database ®
Hardware: WRS-18p-hw-v3.4
Firmware: WR-Core v4.2 (customised by Seven Solutions for KM3NeT); v6.1_xxx k— 2000 nodes
Ongoing evaluation of v7 or 8.x
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. DAQ general sketch and used technologies .

Remote facilities _ _
White Rabbit

ORACLE

[ & |
scer— Monitoring and

On-line Multi- Messenger (\

P julia

HTML

services o
S ZA
Externali
Links
10 GbE :
TCP/IP :

On-shore
Off-shore . .
(Shore station facility)
Detector: R f \
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@ System
UEEC ‘* riDAS
a ) \docker (T ) GJ
Fast Acquisition , '"‘;ﬂg‘:gg FLTR Selected
Data - FAD All ‘I:AD a LAN FAD
to shore 10-25GbE
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\_ J
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Data : Hybrid-Asym. o . @ Std. Ethernet
@ o« ; WR-Ethernet & 1-2 GbE
. . : 1-10-25GbE TCP/IP
White Rabbit PTP : UDP/IP NETWORK [l
(WR) @ @ Class A
Slow Control Data ‘_
(Commands and ¢ 0\
instrument data) :
Y
\_ J “ ( Control Unit \

GPS (CU)

CNAF
(Bologna -

ANSIBLE Grafonq

NES

Network File Systen

DataBase
(Italy and
France)

ﬁm > CentOS

iR0DS
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. DAQ frameworks - The “Broadcast scenario”

Broadcast (ARCA 32 strings; ORCA 48 strings at least) Full White Rabbit (necessary for ARCA 2 BB)

1 SC channel
optically split to N CLBs

N CLBs datastreams
on N separate channels

On-shore Off-shore

Current implementation in both ORCA/ARCA

(as well as other test-installations) Future evolutions
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ARCA BB#1 Foot-print
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Almost completed the first node ~20% ORCA

~014 km3 Next ARCA sea operations: July 2025
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DT\Q Overview: ARCA - Phase | sea infrastructure (asymmetric network) o) pti cal Connection in the “Broadcast Scenario®

up to 80 colours / fibre (spaced bye 50 MHz)

used: _
« 72 colours per DOM's fibre ARCA Shore Station

* 12 colours per base’s fibre

EOC

With 20 fibres Data from

Base-module

Data from

DOMs _ |
Broadcast = o
| I o= /[\ o 115 ORCA DUs

Multi-Disciplinary Science
Instrumentations

Interlink

bl DAQ Overview: ORCA sea infrastructure (asymmetric network)
capies

o

ORCA Shore Station

(&

i I
‘ = = Datafrom e
Jata fror Base-modules Data from @* —
OMs DOMs ' -\
w % / )
This is a sketch only X Not used. 24 DOM fibres Brppcoest 16 DOM fibres
(not the real fOot_prlnt) Total n. Of Arca Phase1 DUs = 32 = _"’___J__J S —
EOC EOC
With 3€ fibres With 24 fibres

(Mg rew ore) (ANTAFESS)

32 ARCA DUs only
(ARCA-Phase 1)

Y

Same layout for the rest of the DUs in the BBs.

up -0 80 colours / fibre (spaced bye 50 MHz
used

* 72 colours per DOMSs fibre

» 12 colours per pase’s fibre

-’
~ ﬁb/bs
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. Extended ““Broadcast Scenario”

KM3NeT Standard Swntchmg Infrastructure with H
TnDAS e SDN technology m

Fast Acquisition Base-modules Slow control
Data data data
‘ ® | 4| D \ A separate WRS-BC/L1 branch for each JB
) WR _| b \ /
S Master-slave 4 S
‘ "3 I connections ‘ '5 \
X Npowms
DOM data| ** N 18 |
uplinks ‘ B ) \
WRS-L1 W
Infrastructure Master-glave)
connections ©  WRS-Bridge
WRS-Broadcast
Infrastructure
On-shore Sl
EOC ( 20 fibres)
Data from Base-modules

Data from

DOMs Broadcast Data

(15 fibres) (5 fibres)
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. Software Defined Networks in the “Broadcast Scenario’

TriDAS CU
DOMs DFESs it "
= l O+A-Data SC-CMD\! ||t SC-FBK
. J‘l : O+A-Data + SC-FBK < ﬂ J @ S C SF
O+A-Data + SC-FBK Uplink port P S4048-ON/S6000

SC-CMD to off-shore detector ! |t A-Data + SC-FBK from Bases

A \ R ! @ [@sceb

Mirror ports
S4048-ON - S3124F

A-Data + SC-FBK from Base-Modules
SC-CMD to offshore detector

X Nys :

. (o)
“1 X NBm %Nports
WR-PTP + A-Data + SC-FBK

o Slave port )
@ > Uplink port \ p. '® JJ WRS'LGVG”

WR-PTP | 1

—0 Broadcast port v ® ,@ WRS'BrOadcaSt
WR-PTP + SC-CMD ;

Master port

Base Modules

The Broadcast WRS customisation for KM3NeT differs from the standard point-to-point (Master-Slave) WR protocol
connections.

The Software Defined Networking (SDN) solves the scalability issue of this asymmetric scenario with a hybrid shore-
station in the Broadcast scenario.
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https://www.google.com/maps/@36.6704476,15.1267219,3a,90y,144.82h,85.7t/data=!3m6!1e1!3m4!1sc9Zs2QMBZQqMgI6Cn6YOvQ!2e0!7i13312!8i6656
https://www.google.com/maps/@43.0881417,5.8987821,3a,75y,272.92h,103.67t/data=!3m7!1e1!3m5!1sA86SExuNh_JtlHudBLxDUg!2e0!6shttps://streetviewpixels-pa.googleapis.com/v1/thumbnail?panoid=A86SExuNh_JtlHudBLxDUg&cb_client=maps_sv.tactile.gps&w=203&h=100&yaw=147.19447&pitch=0&thumbfov=100!7i16384!8i8192?hl=it

. ARCA Shore station “Broadcast scenario”

_~t

DOM Front End

White Rabbit switch sector .
Switch sectors

Optical sector
(mux/demux/amplifier)

‘ i
ettt LSRR R

SN AT T
ey L G

- SE AP T
ot .."M-‘uusi%'

JB1 rack JB2 rack
(12 DUSs) (8 DUs) (12 DUs)

ARCA shore station
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. ARCA Shore station - Hot corridor and computing side-B
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. ORCA Shore station resources for 1 JB sector

GPS SCSF and SCBD B& > /{.\
SDN switch fabric \\ N

*%‘.&’,,-v» |

’I'N\‘r“&

B\ A ﬁ \

s “
DOM Front-end Sectors R ;f-' ¢, R .’ |

’ ri//'
/

‘\»

\\\ A ,“‘\ "\
M iy

\II

White Rabbit fabric

Demultiplexing stages for the
iIncoming optical signals

OSA (optical spectral analysis)

Computing servers
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.CLB FW - 1/2

Electronics paper: J. Astron. Telesc. Instrum. Syst. 5(4), 046001 (2019)
J. of Astronomical Telescopes, Instruments, and Systems, 7(1), 016001 (2021)

CLB FIRMWARE ARCHITECTURE

Two LM32 cores

« WhiteRabbit LM32 for timing control

« KM3NeT CLB for DAQ control /
Instrumentation readout

Three DAQ modules
* Time to Digital Converter (TDC) —
from Photo Multiplier Tubes (PMTs)
AES-standard receiver - from Hydrophone
 MONitoring, for performance information

WhiteRabbit

HWState
Machine

CLB LM32 Instr.

Network path

« WhiteRabbit is used for timing and intercepts and
transmits timing related Ethernet packets. The remaining data is sent over IPMux to the CLB LM32

 DAQ modules generate data, subsequently annotated and framed by the HWStateMachine,
wrapped as UDP packets and dispatched by the IPMux

High-level diagram of CLB gateware and network data-path
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http://dx.doi.org/10.1117/1.JATIS.5.4.046001
https://www.spiedigitallibrary.org/journals/Journal-of-Astronomical-Telescopes-Instruments-and-Systems/volume-7/issue-01/016001/Architecture-and-performance-of-the-KM3NeT-front-end-firmware/10.1117/1.JATIS.7.1.016001.full

. CLB FW - 2/2

DETECTOR | degmttuaand. | TEWA

Only Broadcast Golden
scenario (UC/BC)

GATEWAR

-~

DOM

, ._’ z %
Three different detector N : mﬁw 52"2"’2&?32 .
! o ase
modules feature a Central )/ e
Logic Board (CLB) running the KM3NeT Golden
KM3NeT Embedded Software Embedded Broadcast (UC/BC)
inside a SoftCPU* / Software roadcas
N *~._Central Logic Board_.~"/ "~ scenario DOM
/ o (CLB)v2 -7 ‘
R = | Xilinx Kintex 7 FPGA Base

Note on terminology used in this presentation:
+ Gateware: Programmable Logic running
inside an FPGA

Calibration

Golden

(UC/BC)
f DOM
' (UC/BC)

* Embedded Software: Instructions running
on an Embedded Controller (CPU)

« Firmware: The combination of Gateware
and Embedded Software

Calibration Unit (CU) Base Digital Optical
(contains DU Base as controller) }
Detector Unit (DU) Base Module (DOM)

* A CPU coded in a hardware language, running on FPGA programmable logic

Full WR
scenario

FW Timeline
2014 2016 2020 2021 2022
First Gen First Gen release Next-Gen First-Gen Next—Gen
prototype with ARCA DU #1 prototyping L ast release Deployment

% Firmware ﬂaVOrSf
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Data Format:UDP

KM3NeT DAQ DataFormat : https://wiki.km3net.de/index.php/DAQ Data Format

Layer Preamble Start of frame delimiter MAC destination MAC source 802.1Q tag (optional) Ethertype (Ethernet ll) or length (IEEE 802.3) Payload Frame check sequence (32-bit CRC)
7 octets 1 octet B octets 6 oclats (4 octets) 2 nctets MTU 4 actets
Layer 2 Ethernet frame + MTU + 1B8(22) octets —
Layer 1 Ethernet packet « MTU + 26(30) octets — \
Channel UDP SRC Port UDPDSTPort = Ox....... UDP datagram
TDC 56015 ) >
IP header UDP header :
AES 56016 56016 DADO usually 20 bytes 8 bytes UDP Data (optional)
Monitoring 56017 56017 DAD1
Slow Control 56014 Reply to sender DACE 0 8 24 31‘
Version IP | Header Type of service Total length of IP datagram
. 4 bits length 8 bits 16 bits
Identification of IP datagram Flags Fragment offset
16 bits 13 bits
CLB Common Header Time to Live (TTL) Protocol Checksum N
8 bits 8 bits 16 bits w
Source |P address
32 bits
Destination IP address
32 bits
v
Options (if any)
Source port Destination port
s 16 bits 16 bits 00
SPGCIfIC Channel UDP length UDP checksum 2
16 bits 16 bits
Payload
Data(if any)
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https://wiki.km3net.de/index.php/DAQ_Data_Format

Frame fragmentatio

TDC | AES ~ Monitoring

Channel z Channel z Channel
O [©)
M® M® [®
O - O = C —~
=, CLB Common =, 00 CLB Common O Mm CLB Common X 1
© O © & Head >, ©
o N Header o N eader = & Header
5 2 o= . 25
¥ = TDC-like ~ = AES-like Yol Monitor-like
O = S = xS
o 8 Q 8 Info Word 8 \% TDC hits
0 N PMT Hit series 0 N Q5
D :D) 0 % £ | Audio Word series % N Instruments et al.
- _ _ DR
Q - X M T
L1
T CLB Common CLB Common
Header : Header
TDC-like : AES-like
PMT Hit series Audio Word series

I I Chiarusi , E. Giorgio, F. Benfenati Gualandi ¢ INFN 28 / 50 Espresso Seminars - Laboratori Nazionali del Sud - 0/7/05/2025 '



. DOM Hit information

CLB Optical Format Structure
‘ Size (bit) Description

448 | DAQ Common Header ] e TDC (P|\/| ) channel: O to 31

8 TDC channel } One hit (6B) » Timing: counter of ns e [0,1e8]

32 Time Stamp J * Pulse width: Time over Threshold in ns € [1,256]
8 Pulse Width

8 TDC channel

32 Time Stamp Timing

L LSS Absolute time of a hit, with the precision of 1 ns.
8 TDC channel

a2 Time Stamp Pulse amplitude
8 Pulse Width

Time over Threshold

ToT <=> pulse amplitude.

Optimal gain (~10%) => ToT of 26,4 ns for single photo-electron

Possibility to activate the Multi-Hit feature for longer pulses
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C. M. Mollo et al., Journal of Instrumentation, Vol 11, n. 8, 2016

http:/lanl.arxiv.org/pdf/1604.03922

Photon causing a leading-puise

Photon causing a pre-pulse

Photocathode

Multiplied e~

Nhits

10°F
1025

1 0 — prepulses +
- dark counts

i

Transit Time :

" ‘.delayed pulses

lI (R |

main peak

19 50

Transit Time Spread = FWHM of main peak ~1.5 ns

P T T
100

Back-scattered e-
originating a delayed-pulse

150
hit time (ns)

200

IH Slow after-pulse

Photocathode

/

Backoning ionised nuclei of
gas causes an after-pulse

*
/Ih

- "
|

\

-

P H €
- l l
Y ‘
I ' Hll'ﬂh |H|| \
i g 'Ihli Focusing Electrode
Ll oy Pty
¢
igﬁ;’.‘f e “. et g -'?;"": ;;;:v..f..»aj
0 2000 4000 6000 8000

hit time (ns)
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http://lanl.arxiv.org/pdf/1604.03922
http://iopscience.iop.org/article/10.1088/1748-0221/11/08/T08002/pdf

ARCA

Sources of hits and limitation
http://elog.km3net.de/Operations+FR/955

(run 4555) = » _ORCA (run 2901)
; : , 10° £ . .
= ' : Entries 2462733 = ' '
108 NG .. WNOIR: DOOOIUUOIOND | SNSOONRURS - SUODURDOION UNADVOOOOUOI | SO Mean 638.7 = : :
= 40K RMS 80.16 - 40K
n ' 7 ) ﬁ ) ; : ; : : _
10 ~ SRR W S S—— = | Bioluminescence
- | Bioluminescence : 4 b e
- I — 1 S SO 0 N SN S - . - 10° == o :
E .y 5 i : | » , E f‘
L : 5 4/ W “L 1"
= : 3 T : P : ; : % 0 : ]
0 = : : ': 105 feremgnes —H—- ..... —SI— - SA——— seisaasA At . ............. .......... ..... 1“ . ........
] : : i : | - //
1 L l 1.1 1 l 1 1 1 l El 2 A l 1 l : i | : ) 4 1 l 1 3 E 1 l 1 3 1 l 1 3 1 l 1 L 1 l 1 L 1 l 1 L 1 l 1 L “‘ N /’f
200 400 600 800 1000 1200 1400 1600 1800 4 6 8 10 12 14 16 18 20

6.4 +/- 0.7 kHz 7.3 +/- 0.7 kHz Rate (kHz)

Veto: in TDC data, the number of rr htsisliited to a maximu

High Rate

’I In the plot above is set to 2000 hits/PMT/Timeslice

P [ W 2| FIFO almost full

£ N |~ = § The CLB spends ~48 ns for transferring 1 hit from the FIFO in the buffer to
é’ d—¢{ Fifo 30 Seﬂd.

% / P s =] At present, the size of FIFO accepts 1000 hits.

The transter is not parallel, but sequential looping over all the TDC FIFOs.

Depending on the number of shooting PMTs, the maximum rates can span
from 678 kHz/PMT (31 shooting PMTs) up to 21 MHz. (~ 1 shooting PMT)

Espresso Seminars - Laboratori Nazionali del Sud - 07/05/2025 '
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. Optical (TDC) Data processing

® Timeslice (15): 1t is the abstract subdivision of the continuity in the time-line of the experiment.

® Frame: it is the group of information of a certain flavour (TDC, AES, MON) occurred in a DOM during a TS.
ATS: O(100 ms)

- . 2 Distributing the computational load
B N AN VB~ - Ecch triggeralgo appiied to one fulset of frames of one TS

- Multiple TSs handled in parallel

Frame i Frame i+1 Frame ... Frame n

DOM j

Optical World

A DQ collects data from a sector of DOMs and DU-BMs.
All DQs transfer all their data from a precise Time Slice to the very same oDF

< 20 Mbps/DOM ~3 Gbps/( DQ || ODF) ~ 3 Mbps/ODF ~ 10 Mbps x N. ODF

Optical
Data Queue #1 Data Fliter #1

7 Optical DiSpatChel’ Wolor:1
Data Queue #2 Data Eliter #2 - —_— e
— (JLigier)
PMT :

Raw data

/ Optlcal
—> CatSQueUEin Data Filter #m . .

Other applications

(monitoring, MM)
If needed more Filtering Power, just add it!
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. Acoustic (AES) Data processing

® Timeslice (15): 1t is the abstract subdivision of the continuity in the time-line of the experiment.

® Frame: it is the group of information of a certain flavour (TDC, AES, MON) occurred in a DOM during a TS.
ATS: O(100 ms)

> —2) Distributing the computational load
[ TR R Y~ - c-ch tigeer aigo appiied to one full set of frames of one TS,

“ - Multiple TSs handled in parallel
| Frame i Frame i+1 Frame ... Frame n
DOM j

Acoustic Worlid

Acoustic data must be sent in a continuous stream, addressing all data from one DQ to a single Acoustic DF.
Independent reconstruction of the Time Of Arrival (TOA) of acoustic signals from various beacons

1111
Data Queue #1 |——

Acoustic
Data Filter #1

1T (YN o constructe

O Data Queus 2 gl Data Filter #2 — Local storage >~ —
 Piezo/Hydrophone ' - / v

Raw data

Redundant Central
DataBase

— O
Data Queue #n |———»

Acoustic

Data Filter #n

DataBase Interface
(Control Unit service)
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’ . Triggering for data filtering

Basic triggers .

LO: all hits over threshold (i.e. all hits sent by the CLBs)
L1: pairs of hits of the same DOM within 25(10)ns. Trigger settings passed

L2: further constraints applied to L1 hits (e.g. space angles btw PMT axes) to the Data Filters via the
run setups by the

Higher-trigger level Control Unit

* 3D-Trigger - general concepit:

1.A minimum n. of consecutive L2 s = Ny, within a AT (at least npom =2 or 5)

: : mn
- ) ti—t' S fz—f_'i‘T arbirira - i
2. 3D-causality filter : |t —t;] < | il— + Mozt Trigger algorithms

3. The trigger is set if the n. of satistying hits is > N'i developed within a
large C++ software

framework, Jpp. The
same codes are used

 3D-Muon/Shower

Assumes an extended track-like / short pulse shape for the event topology for the on-line DAQ as
- MX-Shower well as off-line analysis.
Cluster one L2 with causality-combined LOs. . oo  crier
° Supernova (SN) The Jpp Git repository.

~ Combines L1 with additional constraints (e.g. multiplicity of LO hits) .
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https://git.km3net.de/common/jpp
https://git.km3net.de/common/jpp

Fvent m ergi ng . Event Merging and final Snapshot .

T

max

event | {Triggered hits} T .

event j+1 Winin {Triggered hits}
|
-Enm |
. . Triggered hit :
-
event merge {Triggered hits} II::> trigger mask: // OR-ed
Iy Event data

trigger mask; // OR-ed ;
. i | }
number of overlays; // incremented
snapshot
| |
| |
{Snapshot hits, {Triggered hits} , Snapshot hits}
[rootParca-cu—-03 datal# JPrintTree —-f KM3NeT 00060133 P@013486.r00t
KM3NeT PR000133 00013486.root | | | |
KM3NET TIMESLICE KM3NETDAQ: : JDAQTimeslice 2097 509 [MB]
KM3NET_TIMESLICE_L® KM3NETDAQ: : JDAQTimeslicel®@ ) @ [MB] Tin - AT Tin T hax T ot AT
KM3NET_TIMESLICE_L1 KM3NETDAQ: : JDAQTimeslicell 1050 938 [MB] time ,

KM3NET_TIMESLICE_L?2 KM3NETDAQ: : JDAQTimeslicel 2 @ @ [(MB]
KM3NET_TIMESLICE_SN KM3NETDAQ: : JDAQTimesliceSN 107732 2957 [(MB]
KM3NET_EVENT KM3NETDAQ: : JDAQEvent 87069 546 [MB]
KM3NET_SUMMARYSLICE KM3NETDAQ: : JDAQSummaryslice 107735 1934 [MB]

snapshot® = All raw data between [T, - AT, T, + ATl

max

Further details here (MdJ 2021 VAT = nD/c (where D corresponds to size of detector)
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https://indico.cern.ch/event/1077628/contributions/4566796/attachments/2333094/3976715/Data%20acquisition%20&%20processing.pdf

. Monitoring system: JLigier

QUOLAM server
cu JL D MSG QLOBAL ONLINE
Multi-Messenger System
ONLINE
, JLMirror MONITORING
LOG
ODF server 5
i
JDW " ool files I
1 MSG
= JDF I0_EVT JLMirror
L S Toon DAQ \ MM Online ARCA
56015’_1TDC_' I0_EVT y.
| 10_SUM I0_EVT
I0_TSSN I0_SUM
DQ 10_TSSN
I IO_EVT L JL_M1 |
56016 TAES—— » JL D 10_SM I0_EVT
0_T5N , JLMirror | o yonr QS
» ADF —— 1o TMCH
JLMirror
; — JL_M1
JDW server TMCH
DQ server j
ADF server
IO_MONIT
. i Multi-Messenger server
any server in
(0_MONIT » CLBSK  172.30.xx.yy
56017-TMCH—~ Monrouter2 IO_MONIT—> JL_M2
T IO_MONIT——
Analyse
TMCH
> JLMirror - Tagger —JL_Mon—— and - DB
Upload GRAFPHANA

L.Ct

ARCA-Docker 02 server
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. Triggering for data filtering

Trigger Rates for DetlD-116
Wed Aug 24 14:28:04 2022 UTC
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Wed Aug 24 14:27:18 2022 UTC . Triggering for data filtering
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Network usage (RAW & FLTR)

2.40 Gb/s

2.30 Gb/s
2.20 Gb/s
2.10 Gb/s

2Gb/s
1.90 Gb/s

1.80 Gb/s
08/03 08/06 08/09 08/12 08/15 08/18 08/21

== [ncoming network traffic on p2p1 == Outgoing network traffic on p2p2

ODF-01 Network traffic

2Gb/s 2 Gb/s

1.50(;b/s_r,, i ; : —

1Gb/s i 2022-08-17 17:00:00

1.41 Gb/s
5.55Mb/s

= Incoming network traffic on p2p2:

500 Mb/s = Qutgoing network traffic on p2p2:

08/01 08/08 08/01 08/08

== |ncoming network traffic on p2p2 == |ncoming network traffic on p2p2

== Qutgoing network traffic on p2p2 == Qutgoing network traffic on p2p2

600 Mbps

400 Mbps

200 Mbps

ODF-02 Network traffic

1.50 Gb/s ! :

. ARCA 19 Throughputs

Network usage (RAW & FLTR)

2.60 Gb/s

A X . O .
. *v'p'fm "f,'w ™ il eV LA AN e YT L v " A

DataQueue level:
- receive and route to Data Filters (O+A)

2.40 Gb/s
2.20 Gb/s

2 Gb/s
1.80 Gb/s

08/03 08/06 08/09 08/12 08/15 08/18 08/21

== |ncoming network traffic on p2p1 == Outgoing network traffic on p2p2

ADF-01 Network traffic
2 Gb/s

1.90Gb/s g

1 m—"

1.80 Gb/s

1.70 Gb/s

data to Data Writer
(i.e. data filtered by
~3 order of magnitued)

1.60 Gb/s

1.50 Gb/s
2022-07-31 23:00:00

== = Incoming network traffic on ens2f1: 1.91Gb/s

arca-storage-01: Network traffic for transferring data to permanent storage sites

Periodic data transfer to
permanent storage

@CC-Lyon and @CNAF

- o ) o - - — o J o —
o — =) — o ; o o~ o o~ o o
™ o0 © e o~ (9] ™~ 0

~ - r~ O ~ - - ‘- ~ O -~ - —
n
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Monitoring and alerting

g8 General / DAQ Profiled Prccesses & <5 thi®
Memory usage aca-dq-11 CPU usage - arca-dg-N Process insaances arci-dgq-11
% 0% 0% 49.1% 0% 1 1 '1
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] [ [} [ ]
. ‘ O nt I n u O u S m O n Ito rI n g Of CO m p utl n g arca-dq-11 RAM avallable aca-dg-11 Fee Swap arca-dq-11 Free Disk spaceon / arca-d3-11 Network usage (RAW & FLTRI
244 GiB 93.4% /11GiB
n - \ ) \
resources, to pProm pt Iy detect failures , Prevel 1t
0% 100%
n 400 Wb/s
fallures and detect trends o
x %

* Metrics collection from all switches and

« DataFilters

| |
S e rve rS Z a b b IX p rO I I I et I l e l | S rocess innances 0DF-01 CPU usage - Memoryusage - OCF-01 Processinstances ODF-02 CPU ussge - Memcry usage - DDF-02 Process instances ADF-02 Memory usag CPU usage - ADF-02
V. I . t . . t I l f

U o/ 0% § o/ 0% | o/ 0%

/c /0 /0
arca-odf-01: mono HCa-0d1-01: JDets arca-odf-01: mono arca-odf-02: mono sros-odi-02: JDst arca-odf-02: mono arcz-adf-02: mono i arca-adf-02: ADF
| o/ 0% ) 0/ 0% 0 o/ 0%
/C /0 /0
arca-odf-01: JData.. MC8-0dt-OF moe arca-odf-01: JData... arca-odf-02: JData... sa-odrozmene arca-odf-02: JData... arca-adf-02: ADF arce-sdf-02: ADS arca-adf-C2: mono
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il I |
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ADPRCaNe Flevysorra Genoral - Nemory Profiled procest

-« SFP Status

Wi data Wihoutdala e
GA 2

Tx Power Rx Power Tx Fower RBx Power Tx Fower Rx Fower
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CU Paper: Computer Physics Communications 256 (2020) 107433 -

https://doi.org/10.1016/].cpc.2020.10743

=

The Control Unit components and theiv relationships. White and black arrows represent flows of
information and/ov control signals. Red arrows show the flow of authentication information. The flow of data
Srom the TriDAS (o the final storage is nol shown.

. The Control Unit.

-
SO0 Runtime
‘ Prerequisites
§ ‘ ...... .’ |d|e
: - SvrMacWait
y d; ~ resetT l’"’t g .
ndefin -
] : [svrMa
: StandB
: [booq] g / configure A 4
: WrValidWait
I_:u =P abort  [wrvalid]
recover
configure] A 4
Error - Ready ~ |[€---=-==ssarfe===s PreReqValid
quit
A Start
: [error] stop Y,
N Running
\
ffata] event
? —_—p | | et
Fatal User issued event Softw

The CU is a collection of (web) services which, via a
state machine, drive

- the Detector

- the computing processes
- the interactions with DB for

- runsetups, calibrations

- Instruments data logging
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https://www.sciencedirect.com/science/article/pii/S0010465520301909?via%3Dihub
https://doi.org/10.1016/j.cpc.2020.10743

CU Master Control Program
DIARCAD21 logged on as tchiarusi Log out ypy0/+5719.gz:19.45 OM LOE in  TH Log in
Tarzet Run# Runsetup Job Runstztus CU Detector Manager
OFf On Run| [ 13544 AB3753499 o @3RNE1GVC T @000 Lo 1663050451531 Teseed on e bchisrued  Lea o "
Job Job Plan Imin 18min Thour Jhour lday 19day Tmonth Jmonth Iyear m":\:'“ Lm":m
@IRNE1GYC (1) AﬂS?Sﬂlﬁ:;Run)
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& & o e - 6 o @ @ o & L 6 e - 6 - A
6 2626 2629628262886 2 62 ¢
e o (3 P L1} o L)) p:S L o (3 a e P (2] a e PN (3} a L)
01 02 03 04 05 06 07 08 09 10 11 12 13 14 16 16 17 18 10 20 21 22 23 0O (4} o 99 (1} o 999 o 99 a2 999 a o 90 s}
@ a B a @ o @ pis o P “ a = o @ Q (] o <@ a o
Add Job  Runsetups v Priority 1 % Target Run » Start| End| [ (3] (3] (3] (2] (3] o o o (2] o
o e o e L] e o e (2] a
Y MY FHom:ss YYVY/MMZ S HH 33 é & & (2] & i e &b & ) e &b & &y = (2] e il & (3] &
reverse by name ay 01D NON+n (0 = seconds) i \:wm {r = seccros e e e ﬁ e Q Q Q e @ e Q e & e Q Q Q Q ‘3 Q
TCDAY+n (n = seconds) TIOAV+r (1 = seconds) g a g a % o % e % o g e g o g a g o % a g
) ;) :) ) B ) ;] B ) )
Name ' AutoSchedule Panel Juery Fiold
Mon Fielo | ‘ Query Field

ClU TriDAS Manager

™ DFARCAZ T 1662259481531 Ingped cn s fchiarum! .zg out
Vi=1849
1h: 10%%

4
WY:-1243 H
Th: 1655 Th:
un * W ¢
/=11 ¥i=1152
NY =185 " -t - W= 12
X 5 I 1293 n1

190 A
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W itw
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G=

AIACE is an ANSIBLE-based collection of
playbook for installing and configuring the
computing resources and network devices.

ey

docker

DOCKER images -> independent container
for each DAQ process, their deployment is
handled via AIACE

Dynamic Provisioning Manager (DPM,

system for “keeping-alive” the DAQ
processes and role manager

At present, both for ARCA19 and ORCA11:

. Multiple ServEr Distributed Processes (MUSEDIP)

 2x DataQueue processes (on 2 independent server)

 30x Optical Data Filter processes (on 2 independent server)

* 1x Acoustic Data Filter (on 1 independent server)

e 1x DataWriter together with 1 DataDispatcher (on 1 independent server)

NFS

DPM

eiliv‘

LAP
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. Multimessenger-DAQ infrastructure

* Event processing done separately for SN . A —
ARCA and ORCA at each shore monitor Dispatcher [l IR LBL |  Server et

station o evr H

GCN
ACK
GCNNV
ACK

Distribution

00 Classifier

 Same processing structure but
different software organisation (in

ARCA the docker approach is ORCA shore station §

adopted). -

e ttene e aana AL GO SO SN §

» The output of the reconstructed P Y pistribution 2
events by ARCA and ORCA at the end : : R

DAQ -
of each run (.json files) is stored ina  : Dispatcher lo.evr “oo_asco :
common dispatcher (MM dispatcher) \ :

: SN |« 4 RTA -

- monitor :g:m Dispatcher : antorcawebserver

- I0_SCORE

= I0_TSSN SNT

: @ oo

- 10 _EVT

s O0CKe o eeaeans km3bastion (172.16.65.29) : See Angela’s talk on Saturday
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Broadcast (ARCA 32 strings; ORCA 48 strings at least)

in both ORCA/ARCA
(as well as other test-installations)

. DAQ frameworks - The “Broadcast scenario”

Full White Rabbit (necessary for ARCA 2 BB)

Switch

On-shore Off-shore

All 1:1 connections

Future evolutions

T Chiarusi , E. Giorgio, . Benfenati Gualandi ¢ INFN
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. Broadcast and Std. WR with real gears

Standard

Broadcast S (ARCA Phase 2)
(ARCA - Phase 1 only;

ORCA - entirely)

White Rabbit
switches
(custom)

Back to the
Shore Station .
vt S @ switches

Base Module

I I Chiarusi , E. Giorgio, F. Benfenati Gualandi ¢ INFN 46 | 50 Espresso Seminars - Laboratori Nazionali del Sud - 0/7/05/2025 '



. Full-WR scenario new HW

KM3NeT

KM3NeT Phase 2.0 - ARCA Optical System - Overview

DU Junction Box Shore Station
DOM Base Module
"_// MIN \\\\ ‘ WWRS 7,
\
- ICE
2
-
/I
Qi\ =
\\\ \\.
(,';, ‘-‘.“\
o)
e ﬂ.j
2 100km
o
;/ ‘\\‘
R >
I/
kplane KM3NeT dev. (
SN L
1 Junclion Box 14 DUs cver 2 libers ol Lhe MECK
1 Jurtion has 2 Sepments
1 Scgment hos 7 CUs coch
B IBto enmplers HH1: 1/ fibersin the MEOC
8 JB 1o BB2. 16 fibzrs in the MCOC
Legend
~ CP - DCM Penetrator e
r | = \ lals] - ™~
BII - Bildirectional Iransseiver e dcmmc,’ Mateable Connector 5>t - brhinm Daped Fibes Amplifisr BP - Ease mocule Pznetrator V- Multiplexsr/Demultiplexer
DR - Dry Mate Ucnnector o o = =
-~ I - Interlirk Penctrator g

IH-DOM HOH

TS - Tumable =P+ - CLE = Cenlral Logic Scard ICE = lnstrumentativn Control Eleclionin @D SP- Splitter 2:2 “_‘ AR - Amxiux BOR

ECIB - Electio Cplical Inlui/ uee Box

» RB- Red Blue band filter WAVRS ~ Wet White Raobit Switcr - MCU ~ Mediz Controller Unit . VRS - White Racbit Switch

e 2 tunable SFP+DWDM long range transceivers for connecting with the on-shore
station

o 2 WetWRS per DU: 9 DOMs each
e 1 BM CLB connected to both of the two WRSs (cold redundancy applied)

e 23 bidirectional short range transceivers (high reliability) for DOM connections
(9x2), CLB connection (3), inter-WRS connection

P
- -
— . .
Fan

- - b

J

" A |
- b - » » - - » -
AR TR TSR MR T W e e R SO0 TI AR Bt
L 3 £ y— v : ] r
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. FULL-WR test bench

I/ One full DU with CLBv4 boards anc
GA transceivers/connections

One integrated DU-BM with the
_ b - ol o - WetWRS
R ) | \ . V Custom electronic boards by INFN-Bo, the
Ty | R R—" { OctoPAES (emulation PMT and piezo/hydro), =>
tested runtime conditions of the DU:

rrrrrrrrrrrrrrrrr
llllll

P /AN AN [ A - throughputs of various channels (PMT/ACU/
WWRSs power supply B SRR s AN T favy A B\ R | - MON)
LAN-remote controlled N W oW N SR BT Ry e P 2 mryram il \ | | : :
I .~ (( R YT AT SN L - effectiveness of NG-Firmware for CLBv4
5 LSy RENAE S \ P ASNErS S R - control of DU and BM CLBv4 boards

Spilitter for ot ] V , | 1 W AN - -~ | Main boards (WWRS, power borards) subjected
CLB redundancies i Do NG " g {0 HALT test

The full design has passed the Product
Readiness Review (June 2024).

A

—
~ e
— -_”—,
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. The Bologna Common Infrastructure test-bench

Broadcast '""DU"
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. A real multi-stage WR fabric

GPS

ARCA 2 Building
-~ Blocks = 230 DUs

“GrandMaster” WRS

o jiiiﬁ
el White Rabbit

€ »
‘Bridge” WRS
LA I Y iifiﬂﬂ‘ff

S L
[ - S f',':"'
o switches
aorv'? i BT [

g @ET it ~5m

F,‘l{ﬂ(‘*iv;ﬂw‘[_ﬁw o e g | J
A R Lo
ias e, o = L e

18

Standard WR )
multi-layer ™\ ----—-—-—- - __

5 (couples) for cach Dry:
WWRS-A

WWRS-B
Base Module

n
1%
2
n
0
]
<
0
A
)
/s
P 4

\I

+ front-end electronics
DOM
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BC-Detection Unlt\

s f s ARCA Merged DAQ System Layout

WWRS-A i | WWRS-B
\_ % BM CLB ------- _/

Off-Shore
On-Shore (Shore Station)
\ 4 e 4 Switch-fabric
I i-th I
WRS-L1 I I l I
L | |
l | AL |
[ WRS
Bridge DryWRS
DFES / \
WRS STRIDAS
Grand Master

O z

\__@s /

\ 4 DryFES Czﬂr::' 1 / \
SCBD (SDN)
r | |
SCS | - l

(SDN) Data Queue STORAGE

|
i Optical Acoustic _ l
Data Filters Data Filters Data Writers

Data aggregation - -
99eg L] || Quasi-OnLine

l
K i / Analysis and
Monitoring

\ Online data Processing units / -]
TRIDAS
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 Scalable and modular DAQ model

 Dimensioned for large scale undersea neutrino detectors, at least 2 building blocks with O(5000)
endpoints

* High throughput network extending from on-shore to off-shore for O(100) km in a wide O(km3) volume
* Frontier technologies such as

 White Rabbit for sub nanosecond precision distribution over ethernet

 Software Defined Networks, for dealing with a highly asymmetric network technologies

* Most reliable and modern technologies used for handling the data taking control, the processing of the
streaming readout and the monitoring

e Served software deployment and configuration within a docker containerised computing infrastructure.
* Big innovations with WRS infrastructure:

1. Detection Units “(r)evolution” from the “Broadcast” to the “Standart-WR?” scenario ( integration of the
2 scenarios)

2. Next Generation firmware for the Central Logic Boards.
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. The White Rabbit Collaboration

The Collaboration ¥ | TheTechnology v | Qualified Products v |

White Rabbit
INFN is a member of the WRC ot
(e

—> occasion to
- contribute to the WR developments
- Influence the WR developments R
- get support from the WRC experts and share resources

Tasks for short term:
- form a WR community in INFN am,
- Share and get expertise ',

Note: f—

FRANCME-COMTe

- First INFN National Course on WR —> most likely 8-10 September 2025 in Bologna.
Stay tuned!
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Y Y r

tommaso.chiarusi@bo.infn.it

for your attention !

Email-me:

the 6th DAQ/Readout work

..see you in Bologna for


mailto:tommaso.chiarusi@bo.infn.it

Backup Slides




d DAQ useful links

General
TDR (2014): http://wiki.km3net.physik.uni-erlangen.de/index.php/DAQ/Readout_Technical Design_Report (TDR)
DAQ wiki page: http://wiki.km3net.physik.uni-erlangen.de/index.php/On-line_Readout/DAQ_systems

Under preparation: DAQ proceedings to RICAP2022 => DAQ Paper

Networking DAQ Live

SDN: https://drive.google.com/file/d/OB_W_29RPdGhaYnQ5Z1BnbVI2MnM/view

SDN: https://pos.sissa.it/301/940/pdf DAQ WG breakdown structure
White Rabbit : https://www.ohwr.org/projects/white-rabbit (w.i.p. —> manpower needed)
White Rabbit for KM3NeT: https://drive.google.com/file/d/0Bx3CnH6vV/dBVYmhPdmVhMVgteWs/view

DAQ Issues and Commitments

Data Format

https://wiki.km3net.de/index.php/DAQ Data_Format DAQ Priority List
o DAQ Indico page

Monitoring

ARCA: http://arca.mon.km3net.de/ _

ARCA: Grafana - computing resources Within Towards DAQ Open Hour minutes

ARCA: Grafana - TMCH - timing checks - . .

- LNS-VPN * an harmonisation
ORCA: http://orca.mon.km3net.de/ between shore stations

ORCA: Observium - computing resources
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http://wiki.km3net.physik.uni-erlangen.de/index.php/DAQ/Readout_Technical_Design_Report_(TDR)
http://wiki.km3net.physik.uni-erlangen.de/index.php/On-line_Readout/DAQ_systems
https://www.ohwr.org/projects/white-rabbit
https://drive.google.com/file/d/0Bx3CnH6v7dBVYmhPdmVhMVgteWs/view
https://wiki.km3net.de/index.php/DAQ_Data_Format
http://172.16.65.46:8086/d/OITrUGrMz/daq-profiled-processes?orgId=1&from=now-3h&to=now
http://172.16.65.48:30000/d/YE0eSqWnk/clock-resets?orgId=1&from=now-6h&to=now
http://antorcaoff1.in2p3.fr/device/device=16/tab=graphs/
https://docs.google.com/spreadsheets/d/1LccQOp5-IeSyiByDu7yKposdDbJZcr1N/edit#gid=449808017
https://docs.google.com/document/d/1f0nANU7ToFYMCfbDaFR1L4k3CCZDez36q_j8zAoy7L4
https://indico.cern.ch/category/4739/
https://drive.google.com/file/d/1PBeMlhKRM1WUFTbBEMde8Ojg9GpOc41W/view?usp=sharing
https://docs.google.com/spreadsheets/d/1VcoGZMOUOG7iYlaWTjAnGjK6IAuAnmcRXoG-311oujE/edit#gid=0
https://git.km3net.de/working_groups/daq

z-t-Plot for DetlD-133 Run 13284, Framelndex 27604, TriggerCounter 685,

2022-09-22 03:46:00 UTC

Overlays 946, Trigger: MX 3DM 3DS

.ARCA 21/ ORCA 11 Some triggered events
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. DAQ software organisation in containers

Control Unit

it ©
C ControlUnit ¢

Dag f g Daqg

Project I0: 293 Leave project . ) C ControlUnit © . . ~  ControlUnit ©
" Project I1' 793 | eave rroject » b Project 1) 793 | eave project

Jpp © .
Jpp Project 1D: 223 . " Jpp ©
* " Project 1D: 223
p\ompu_tgrz © . .
Centos [

Daq

C ControlUnit ©

Project |ID: 293 Leave projact

Jpp ©
Jpp r-.ggtm 223
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Optical data for Physics

. Reference Throughputs

Case Npu [Npoms [Npmt/pom | Veingle/PMT (kHZ) (hit size (bit) | Vyigger (HZ) [Event window (us)
KM3NeT-Ph1, It 24 118 31 15 50 40 6
KM3NeT-Ph1, Fr 7 |18 31 15 50 13 6
KM3NeT-1 Block (Ph2, Fr) |1115|18 31 15 50 220 6
KM3NeT-2 Blocks (Ph2, It) |230(18 31 15 50 440 6
Case DOM thp (Mb/s) |DU thp (Gb/s) |Det thp (Gb/s) (Sel thp (MB/s) [Sel thp (TB/day) |Stored (TB/y) |event size(kB)
KM3NeT-Ph1, It 23.0 04 10.0 1.6 0.13 49.0 7.5
KM3NeT-Ph1, Fr 23.0 04 2.9 04 0.03 12.0 2.2
KM3NeT-1 Block (Ph2, Fr) [23.0 0.4 48.0 14.0 1.20 440.0 36.0
KM3NeT-2 Blocks (Ph2, /t) (23.0 04 96.0 44 0 3.80 1400.0 72.0
Acoustic data for positioning
Case Raw Thp/Sensor (Mb/s) |Raw Thp/DU (Mb/s) |Raw Thp/Detector (Gb/s) [TOA (Mb/s) [Positions (Mb/s) |Storage (TB/y) _ .
Phase 1-/t 13.0 240.0 57| 0.20 0.08 1.10 e
Phase 1-Fr 13.0 240.0 17 0.06 0.02 0.32 NChannets=z:
1 Block, Ph2 Fr 13.0 240.0 27.0 0.94 0.38 5.20
2 Blocks, Ph2 It 13.0 240.0 55.0 1.90 0.75 10.00
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. ARCA/ORCA current Ilavout

: 11 deployed DUs ARCA: 21 deployed DUS w.
AB3
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Latest Marine Operations in September 2022, . TR 1
new deployments for both ARCA and ORCA. BT N :
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Accumulating data with growing detector. e o 900700 200 100 0 100 a0 0 40 500
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. KM3NeT by design

> 50 Institutes

Cities and Sites of KM3NeT ‘s )
: > 250 Physics & Engineers

Austrakia
{
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# Structure calibration (C8)
N3 S Mg South Africa - o Marseil
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Nepfes e 40

150 200

Granada
&

Two detectors, same technology, _ omsacte g, O g —

@ 3 LLOnRIvILne 4 Aby Dhaly)
Rabat > L I ©

different layout and physics

® Marizkesh

objectives g

-

Location Italy
N. building blocks 2 1 800 m
BLOCK 2
N. DU per b.b. 115 115 500 m .
N. DOM per DU 18 18
DU distance 90 m 20 m ORCA :
| Telescope Footprints
DOM spacing 36 m O9m 00 . ibrati .
m .
DU height 2S00 g Dots: Detection (or Calibration) Units
nstrumented  2*650/1  7/0.01 o0 Lines: Main/Interlink electro-optical cables
mass (Mton/km3)

Squares: junction boxes 3

Depth 3500 m 2500 m
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