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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
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Digital Optical Module
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DOM Paper: 2022 JINST 17 PO/703
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https://doi.org/10.1088/1748-0221/17/07/P07038

First of all: what does DAQ mean, in KM3NeT context?
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DAQ/Readout Working Group Organigram

Tommaso Chiarusi
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* -team leader ( where necessary)

f -ending by 2025

11 - ending by 2026

d -only data analysis

§ - not clear the availability/ FTE fraction
? - missing

t - not only DAQ responsibility

|| Common to Std WR and BCast architectures
Dedicated to Std WR architecture

Dedicated to BCast architecture
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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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Broadcast (ARCA 32 strings; ORCA 48 strings at least)

WRS-L1

< SG-replies + WR-PTP

1 SC channel
optically split to N CLBs

SC+WR-PTP

N CLBs datastreams
on N separate channels

On-shore Off-shore

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

Full White Rabbit (necessary for ARCA 2 BB)

Std

Switch

WetWRS

All 1:1 connections

On-shore Off-shore

Future evolutions

Tommaso Chiarusi @ Sezione di Bologna 10

MPC Software Meeting - EGO 30/6-1/7 2025



Optical data for Physics

Case Npy [Npoms |Npmt/DoMm | Vsingle/PMT (kHz) |hit size (bit) | Viigger (HZ) |Event window (us)

KM3NeT-Ph1, It 24 |18 31 15 50 40 6

KM3NeT-Ph1, Fr 7 (18 31 15 50 13 6

KM3NeT-1 Block (Ph2, Fr) |115|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 0.4 10.0 1.6 0.13 49.0 7.5
KM3NeT-Ph1, Fr 23.0 0.4 2.9 0.4 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, It) |23.0 0.4 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 1-1t 13.0 240.0 57| 0.20 0.08 1.10 samplingRateliz = 195.3 1073
ResolutionBit = 24

Phase 1-Fr 13.0 240.0 1.7 0.06 0.02 0.32 NChannels = 2;

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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JIAG connector The CENTRAL LOGIC BOARD (CLB)

Sensors and

instrumentation
Kintex-7

SPI flas

12 V input
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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
* MON:itoring, for performance information

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 firmware maintained in a GIT KM3NeT repo

Development environment based on Docker-containers (with dedicated VIVADO installation)

Continuous Integration schedules in place

Tag/release versioning via GIT

Fw archived in K

(the Unigue Proc

(Implementing now) —>> DB-based flashing tools

L

Cl

dentity)

M3NeT DB with proper PBS, variant, version, serial coding
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System clock (62.5 MHz)

Scheme of the 4x4x-oversampling technigue. The KINTEX 7 DCM — Clock generator
sampling quadruples the clock frequency using four os et 1| ST T T TS T "N e
phases of the original clock, shifted by 90 deg each, thus LVDS channel 1 % servesez ——L oAU ——iro (1012 entres

obtaining a sampling frequency of 1 GHz when using o

I
clock with a period of 4 ns. | !
: -

I
I
I
I
. LVDS channel 31 . I
i LVDS channel 31 4. ISERDESE2 DRU FIFO (1012 entries)
IBUFDS I
CLK 250 MHz 0° _J ___1 ___1 J _J I I I
e— , I 1 ns {1 GHZ) clock domaln I4 ns (250 MHz) dock domalnl 16 ns {62.5 MH2) clock domalin I
CLK 250 MHz 90° _17 l ', | § | 5, ‘

TDCs State machine

CLK 250 MHz 180° _T— I _J | - | | | FPGA: Kintex 160 T
CLK 250 MHz 270° f § l ? ‘ 5 | i |

ans, 0 1o bbb bbb The architecture of the KM3NeT TDCs. Three different subsystems can be
b bbb i identified in the TDC.

The first one, running at 1 ns, contains the differential input to the FPGA,
the IBUFDS, together with the IOSERDES, where the acquisition is
oerformed.

The second one contains the DRU, with the logic to adapt the hits to
the format required and to store them in the FIFOs. It works at 4 ns.

The third one consists of the logic to read out the FIFOs and provides
the obtained hits to the next acquisition level, the SM, running in this
case at 16 ns. The interface between the second and the third subsystem
s done by means of the FIFOs.

TDC sampling rate 1 GHz
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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 HEEI UL Absolute time of a hit, with the precision of 1 ns.
8 TDC channel
a0 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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TDC STATE MACHINE

Finish TS

A C" x TDC data FIFO \ 1x Supertime FIFO
10:00:00
e oponde 10:00:01
on the hit rate

on each PMT

No ST
Change TS

TDC data

No data

Completed
TS

start — No data

Full UDP

End UDP packet

End
packet

Under formation
TS

R :| FIFO almostfull

£ - |=|q The CLB spends ~48 ns for transferring 1 hit from the FIFO in the buffer to
é‘= 1| send.

I,'E% / Ve it n At present, the size of FIFO accepts 1000 hits.

The transfer 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)
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® 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)

N : 2 Distributing the computational load
N ST S A R S > - Foch trigger algo applied to one full set of frames of one TS
“ — - Multiple TSs handled in parallel

| Frame i Frame i+1 Frame ... Frame n
DOM

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

-"‘
/
/
/

vV a0 i //‘
vV 2 Qr"\ —_ /
\ [y - / -
600 Optical
v — Data Queue #n | :
: , Q Data Filter #m

If needed more Filtering Power, just add it!
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< 20 Mbps/DOM ~3 Gbps/( DQ || ODF) ~ 3 Mbps/ODF ~ 10 Mbps x N. ODF
Data Queue #2 S s = Dlsp_at_c e o
8= ; (Jngler) storage
PMT :
Raw data y

Other applications

(monitoring, MM)




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.
L2: further constraints applied to L1 hits (e.g. space angles btw PMT axes)

Higher-trigger level

* 3D-Trigger - general concepit:
1.A minimum n. of consecutive L2 s = Ny, within a AT (at least npom =2 or 5)
2. 3D-causality filter : [t —tj| < |z — fg|% + T'MazExtra

3.The trigger is set if the n. of satisfying hits is > N’

* 3D-Muon/Shower
Assumes an extended track-like / short pulse shape for the event topology

 MX-Shower
Cluster one L2 with causality-combined LOs.

Trigger settings passed
to the Data Filters via the
run setups by the
Control Unit

Trigger algorithms
developed within a
large C++ software

framework, Jpp. The
same codes are used
for the on-line DAQ as
well as off-line analysis.

Jpp Click here
< .

¢ 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

CU Paper: Computer Physics Communications 256 (2020) 107433 -
https://doi.org/10.1016/].cpc.2020.10743

-----------------------------------------------------------------------------

Control Unit ( LAP J ‘ Prerequisites
; \ ; ‘ ...... » Idle
) v roset init | SvrMa'chait
Undefined : [svrMa
: —p| StandB '
;[b oo Y configure h 4
: WrValidWait
: ‘ } P abort  [wrvalia]
recover
[configure] A 4
Error v Ready L CECITRELEERE SEERY PreReqValid
A lstan‘
: [error] stop _
L unsenununnn Running
\.
\
[fatal] ¢
: even
v — | | sl
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

The Control Unit components and their relationships. White and black arrows represent flows of
information and/or control signals. Red arrows show the flow of authentication information. The flow of data
from the TriDAS to the final storage is not shown.
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https://www.sciencedirect.com/science/article/pii/S0010465520301909?via%3Dihub
https://doi.org/10.1016/j.cpc.2020.10743

CU Paper: Computer Physics Communications 256 (2020) 107433 -
https://doi.org/10.1016/j.cpc.2020.10743

Control Unit and run setup

Detector configuration for a run - sketch

Configurable via the

RunsetupMaker
Current Target off/on/run H

//km3n In2p3.fr/run makerhtm

----------------------------

Current Runsetup Param. Dictionary

-------------------------------------------------------------------------------------------

> Setup

----------------------------------------------------------------------------------------------

Current Detector Position

TOs

CLBs

TriDAS

------------------------------------------------------------------------------------------

Current Runnumber a number from the DB




DATA DISPATCHING
( for monitoring)

QUOLAM server
CuU - JL_D MSG GLOBAL ONLINE
B \ Multi-Messenger System
_ ONLINE
., JLMirror MONITORING
| LOG
ODF server S %
" root files l
T MSG
JDF IO_EVT JLMirror
1 10 TS8N DAG \ p . MM Online ARCA
:‘5_?01/55 TTDC—— I0_EVT |
T IO_SUM IO_EVT —
IO_TSSN Ve ~ I0_SUM
DQ ~ 10_TsSN
LA ‘ IO_EVT L JL M1 |
56016 TAES > JLD 10_SUM I0_EVT
NS ——\ IO_TSSN . -
B S , JLMirror | o \onT 10_SUM p
] ADF TOA e TMCH
| JLMirror
| | e —— JL_M1
JDW server TMCH
DQ server j | )
ADF server
IO_MONIT
R . i Multi-Messenger server
© MONIT any server in
ST | B g T 172.30.xx.yy
(§601z,1—TMCH Monrouter2 ’ IO_MONIT— JL_M2
T 10_MONIT—

) - Analyse

. L TMCH

> JLMirror P Tagger JL Mon and DB GRAPHANA
) - Upload -

ARCA-Docker 02 server
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GRAFANA approach
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Storage
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