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. Talk structure.

Talk’s core business: the trigger-less data acquisition for underwater
neutrino telescopes

A prospection: porting the nu-tel DAQ to beam-dump experiments
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. Detection technique with a neutrino telescope .

Moise|] Markov Bruno Pontecorvo
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Amanda,
IceCube*
-2500 m

* Taking data and completed

** Taking data but still under construction
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https://icecube.wisc.edu

Very small neutrino cross-sections

o~ 7.8x 10730
GeV

Very small expected fluxes

v

dN
~ 9 X 10‘9<
E

Astrophysical source searches
with angular resolution < | deg over a km3 scale

. Neutrino Telescope Constraints .

- O(km3) volume size detector

0.36
) em?] for By > 1TeV
- many detector elements

No bunch-crossing time info

Abyssal sites

Undersea only: 499K and bioluminescence
e.g.>50kHz@ 10" PMT (0.3 p.e. threshold)

> = .
- many years uptime
) W.B. bound:
> [GeV‘1 cm™? sr1 S_l]
— -Time resolution of O(1ns)
- Positioning resolution O(10 cm)
- Simple detector off-shore
= - On-line Trigger on-shore

- Continuous data taking

Signal (atm. M) to noise ratio <|0-4

- All data to shore
- high throughput handling

- fast and effective background rejection
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. ANTARES - the first underwater nu-tel since 2006 .

» * Ruhningisince 2001
* 88510 PMTs

e [2 lines

» 25 stoneys/line
* 3'PMTSs / storey

e 0.05 km? instr. vol.

40 km to

450 m shore

unction
Box
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string length: ~700 m

STRINGS

31 PMTs/DOM
|8 DOMs/string
2 x | |5 strings

e R eSS

Reggio
Calabria
flaormina

Catania

Siracusar
®

~100 km
3500 m u.s.l.

Study of

astrophyisical neutrinos

2 building block in the
Italian site

vertical spacing: ~35 m
horizontal spacing: ~90 m

558 PMTs/string
64170 PMTs/b.b.

6 PMT-OM/Floor
|4 Floors / Tower
8 Towers

Tot: 672 PMTs

N

Strgin Relief
Cable Splice

3 [N\, CTH

Covo SW—>E
Plastic Buckst

KM3NeT-IT

016500 N

016400 N

016300 N

016200 N

586900 E
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. KM3NeT- ARCA (~ 100 km from Sicily, Italy) .
TOWERS

W 0S4~ :YISud| J9MO3
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 — Analog Front End

* Differential shaping filter
* Linear

* Fully passive

* Adjustable Offset

GATE In

00000

CCCCCC
o 000

PMT signal

DOUT / GND * !;;L

Feedback

e
E CLOCK

S HVPSU
O DIN/VCC S Power
E s Control
~
@)
-

o S a9
! & o

USER CONN LED Beacon

. KM3NeT Tower Electronics.

The OM: 10” Haomamatsu R7081, Front
End Module, Time Calibration, LED

beacons
Power Supply
| System
: =3

‘‘‘‘‘

(Power, AIN, GPIO, 12C, RS232, ...) 'l:(r)i:geerr
2 x Digital AES3
Hydrophone
=
GPS Time 61?
Distribution )
{ v "

Ext Instrument
(Isolated, +12V)

RS232 Port Spare RS232 Port

(Isolated, +12V)

RS232 Port
Compass (+3.3V)

KM3NeT-IT
Floor

Power Connectors
1.2v,33V,5V,12V
V & | Measurement

|

—

FCM-Server

DWDM
MUX

— O

~100km

Onshore computing resources

=

DWDM I

MUX

Undersea equipment
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*31x3” PMTs (Hamamatsu R12199-02) in

177 glass sphere
* Front-end electronics,

digitisation, optical signal > glass fibre

*Single penetrator

Advantages:
* Increased photocathode area

* 1-vs-2 photo-electron separation

- Dbetter detection of coincidences

* Directionality
* Cost / photocathode area

* Minimal number of penetrations
- reduced risk

Each DOM implements a dedicated FPGA firmware for DAQ with an embedded software for
slow-control. Communication is set via 1Gbps ethernet connection to shore. DOMs are the

"

submarine nodes of the full DAQ LAN (>10 GbE on-shore).

Time synchronisation (better than 1 ns) is achieved exploiting the White Rabbit (CERN)

technology.

y

:

< —

» % 4
A\ -

J

\

A

. The KM3NeT String Digital Optical Module (DOM) .

A

\
Penetrator wp

Top hemisphere

Pressure gauge
“up

Nanobeacon

=)
PMI support ep
structure (top)

Signal collection boal
(top and bottom)

Cooling system (1/3) =

Cooling system (2/3)/.‘., ,
Power board oo
(and thermal sheet/’

"‘-.‘b
)/' »

Cooling system (3/3
——mj

CLB :
Compass & tiltmeter Q’:ﬂ

Piezo-sensor ) (

e
3
' PMT support
\ ‘ structure (botto
\pMT ad ™~ Bottom hemisj

Light collection device
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. The DOM Central Logic Board .

DAQ/Electronics in DOM

PMTs+base R
(digitization) "'.-;‘- W 3

Led flasher

Signal collection boards
(addressing) X

Central Logic Board (CLB)
FPGA :
* DAQ pipeline
* Nanosecond timestamping
Ethernet packet generation
White-Rabbit timing

Laser transceiver
J Each DOM has a defined

, U Slow control CPU (LM32)
Acoustic sensor Multiplexed outside DOM
Under-water reprogrammable

(Piezo, digitization in device) Incoming is a broadcast E
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. KM3NeT- ORCA (~50 km from Toulon, France) .

| STRINGS
31 PMTs/DOM 558 PMTs/string
|8 DOMs/string 64170 PMTs/b.b.
'ﬁ 2 x |15 strings

KM3NeT/ORCA Preliminary

a 100

A

36m 50
S ~50 km N KM3NeT-FR
2500 u.s..
,; =0 Study of
neutrino mass
-100 hierarchy

y (m)

115 strings -d_ =20m
AR AN AN AN BT R 1 building block in the

100 0 x (Om) 0 100 French site
vertical spacing: ~6 m
1 Building Block ORCA horizontal spacing: ~20 m
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. “All data to shore” throughputs from Mediterranean telescopes .

The PMT hit as the basilar info seed

ANTARES / KM3NeT-Strings KM3NeTl-Towers fwf -, -

TITTT T T T T I T T TrrpTTd
R AR FRER AT RART R

Hit PMT-ID Info 6 Bvtes/hit Hit PMT-ID Info _
Hit Timing y Hit Abs Time 46 Bytes/hit
Hit Charge proxy (ToT) Hit Charge g,
Hit Wave Form(samples) > 204 G0 50 100 120 140 160 180 2 20 %0 ©
T =T,
Single rate/PMT: > 6 kHz (0.3 p.e. thd) Single rate/PMT: > 50 kHz (0.3 p.e. thd)

Optical throughputs Acoustic throughputs
Detector N. PMTs, o (Gbps) (Gbps)

ANTARES 885 , 10’ 4 (max 15) <2
KM3NeT - ARCA ~140 k, 3" 50 (max 100) ~30
KM3NeT - ORCA ~64 k, 3" 22 (max 50) -15

KM3NeT - Towers 672, 10” 12 (max 37) ~3
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. The “all data to shore” DAQ model .

A
off-shore
| lFront Ends _I—I | lFront Ends _I—I | lFront Ends _I—I achiSition :
E The DAQ model is applied to both strings and
Time Stan:ing Ny Time Stan:ing N Time Stan:;ing _I—I E -towe rS, with d u e d iffe re n ces.
[I . V+ H H [I . V$ (I . V+ :
Acquisition Control Unit < Acquisition Control Unit Acquisition Control Unit :
First Aggregation stage First Aggregation stage | First Aggregation stage | E FO I/~ h i S—to Ini Cal re aSO n S, -th e re ad O u't e | ec-t rO n i CS

................ P 2 R 2 1 SN N -
ot [T A % ' and the DAQ systems of strings and towers
T T aggregation are different.

T and routing
H B N

.

}10M}aN [eqO|D

a) Both systems exploit fixed latency electronics
for clock distribution but with due differences.

—

Data Filter Data Filter Data Filter Data Filter Data Filter fi Iterin .
“ = u ‘ s b) The recorded type and number of

information per PMT hit are different.

c)The implementation of the computing
storage & control  '€SOUICES on shore present some differences.

Message
server

[] high throughput connection

—» data flow
—»» message flow Q low throughput connection

switch fabric
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. KM3NeT Towers use-case: Trigger and Data Acquisition System .

External steering

Data from off-shore
(through optical fibers)

V¥

FCMServer

TriDAS core written in C++ 11

Data Flow DataFlow Command Flow
(2Gbps) (10Gb eth) (1Gb eth)

Auxiliary technologies

/ ;o boost €4 Jenkins @ git

1<)
CCCCCCCC RI €S |

Iy cuLis B Crossbar.io

Atlassian

@Bitbucket ACMake @MQ
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. TriDAS Control (TSC).

p=

Command
Receiver

T executor B
) =
Socket g Machines

Cluster
Launch

e ate -+ Remote Configurator
DB connector distributor
Distributed TriDAS

_ State Machine Jl Filesystem Hierarchical State Machine

State Machine
— D
TSC BIOCk SCheme *Reset Init *

Initiated
&= Standby

TStOp Configurel

Configured

~+ .
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. The Time Slice concept.
Online trigger applied to optical data contained in a full detector snapshot

AT Notation:
(200 ms; Nl TS: Time Slice
event AT - STS: Sector Time Slice
~O(1 us) ' J— ] — TTS: Total Time Slice

| TCPU; with TS;
HM, § E
[ HMy [ I
| HM; I
B - / | TCPU;+1 with TS/41
HM. . ] e | | HM4
-"?CGIV? su fsehqudent ata from a TCPU: collect data from the full detector
raction or t e“ etectgr ; § for a slice of time (i.e. the Time Slice)
(the so called “sector”)  —e—
time TSis1 TSi
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External

Trigger

(GRB... )

N 49Mo|

Notation:
TS: Time Slice
STS: Sector Time

Slice

STSid 0
SIS id |
STS id 2
STSid 3
STS id 4
STSid 5

_ STSid6

STSid 7
STSid 8

STS

Manager

sort and wait for
External Trigger or
request from TSV

BIG BUFFER

more than 10.000
STS before wrap up

. The Hit Manager (HM) and TriDAS SuperVisor (TSV).

TSV COMMAND:

Send STS “6”'to
TCPU |

—&

TCPU |

Tommaso Chiarusi —
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-------------------

Total Time Slice time sorting, hits calibrating
and event triggering

--------

HE H SESESNE EENESNEE EEms
) I \ \
|| ‘l I' J' \\ \\ ’
| \ I I \ i
| \ | . \ \ time
‘l ‘\ I' L1 P}\eselection \\ >
| \ I \ \
| | I | \ \
| \ I I \ \
\ ' ‘ \
| I'T EEE |
6L1 event duratioﬁ}
(6us)
L2

Dedicated high level triggers

v

. Combinatorial/Causality

Direction Scan

Source tracking

Tommaso Chiarusi — (INFN Sezione Bologna

test on the topology of hits distribution

minimum n. of sequential L1 seeds in a AT

causality tests for L1 seeds w.r.t. a grid of directions in the sky

19 /28

. Trigger Levels: TTS processing in the TCPU .
L1 Seeds

Simple Coincidences
AT <20 ns

Floor Coincidences
AT <100 ns

Shooting hit
Q = Qthreshold

specific tests of L1 seeds + all hits of L1 event w.r.t. source directions vs time
Vertex and Inertia

EIC - Streaming Readout lIl 2018 - 4/12/2018



. Studies on Trigger Performances with simulated data .

- Simulated Poissonian single rate per Optical Module: 100 kHz
- N. of TCPUs: 4 nodes (32 cores Intel(R) Xeon(R) CPU E5-2640 v2 @ 2.00GHz)
Concurrent TimeSlice processing: 20 TS in parallel/node

Time Slice duration ;: 200 ms
L1 event length: 6 ys

@ 200 ! : : ’
) S
£ é é 5 '’ It means that for N>4 Towers
@ : : f o
© 2 . i /1 additional TCPU nodes are needed
© E f f /o
= . S/ (or more trigger threads, if allowed by
mRRRRREEEEEERTEERTEERY R R R ERRTERTEE R AL EETE R R et foeeeeen R R -
g I the computing resources ).
" ' f
1 e /A - ] .
E ; g s | Granny’s recipe:
2 T add TCPU as much as it suffices !!
-5 50k .................... /i / ______________________________________________________________
e R ...without affecting the DAQ design.
o ; _ 7 | | ; : - .
5 LT g |m Measured time Scalability is granted!
; P | - - Maximum time
ol=- | ; i 1
0 1 2 3 4 5
Towers
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. Event Manager (EM).

One event is the collection of hits which is supposed to describe the passage of neutrino induced muon or shower.
TCPUs asynchronously process independent Time Slices. The events are collected, but not time ordered, by the EM into a file.

High-level readout classes are prepared to parse the recorded file.

.
- N

TCPU 2 S Receiver

TCPU 3 /

Triggered TTS

FileVVrite

Agent that moves
file to a persistent
Storage

Local periodically
Filesystem

TCPU n
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. TriDAS GUI .

Carmelo — =) )12

| External steering |

Data from off-shore
(through optical fibers) e

Vot (

|
\

M Tridas GUI xq

i

FOMServer e /- C AN | km3tridasl2.bo.infn.it/#/statemachine T @ =
Datab. o . T 2 : . - - - o
i / .-“ = e BuddaVeglianza: 7 BPS [Y http:/finxbo.bo.infr [ Fisica @M Informatica @M Musica [ Altri @@ Temporanei [ Cucina [ PhD » [ Altri Preferiti

' ™
Tridas GUI o State Machine > — Qo

Home/statemachine “

> > >

Data Flow DataFlow Command Flow
(2Gbps) (10Gb eth) (1Gb eth)

.

- -
1
¥

| Permanent storage |

-4

TriDAS Core \

You are the current priviledged user

StateMachine

Your priviledge will expire in 14:52 mins

LoadRunSetup —
\ Release Priviledge

\ \
Local database

STATE MACHINE

- Normal
Escalation RestFULL Selected run setup:
C Control API call
TS RunSetup Loaded Succesfully
WebSocket Event channel
Local i
Monitoring Initiated
Socket
User STANDBY ~
authentication ol L
AP call DATACARD: /Ixstoragel_home/km3/tsc/tridas_conf_2t2s28p.json_00000010.json

TCPU RUNNING: 2/2
HM RUNNING: 2/2

t:b GIObaI SIOW Configured
Control Application —

RUNNUMEBER: 10 -

CrossBar.10

WWebSocket
Manager

Command lIssuer

WebSocket Event channel

N /

TSV RUNNING: 1/1
EM RUNNING: 1/1
RUNING TIME: 2d 22h 37m 52s
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1 T AL T I L P o e te e ntint et et nta it et e, A L A T AT A AT A A A AL s I ‘
R B R L R R R R R R R R R R AR AR R R L R AR R LR E L LR AR AR R LR ELLLTLER, Y e .
"%

HMs and
auxiliaries

(32 cores Intel(R) Xeon(R)
CPU E5-2640 v2 @ 2.00GHZz)
64 or 128 GB RAM

Switching rack

cold zone

window 82

[ ] RACK ROWx NUMBERy rPDU powered by PDUx SWITCHy

Management

\ ©  DELL Z9000 switch
J {(Star Center Switch Fabric) N

. - (32 ports QSFP - 40GbE)

w
-

L)
’ ‘
¢

TCPUs
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. Slide Title .

BDX DAQ will be based on fADCs

- Csl(Tl) decay time & low thresholds are incompatible with “traditional” (TDC+QDC)-based DAQ
- Full waveform recording: reduce backgrounds and allow detailed off-line analysis
- Expected |16 MB/s data rate ( |16MB/s = 5Hz x 1000 crystals x 2048samples x 12 bit )

Different options under investigation:

1) Triggered - commercial

trigger formed as OR of all crystals over thresholds (OVT)

* when trigger is released every channel with a signal in 10 ys window is recorded

* The simplest option ( boards already available: e.g. CAENV 1725 or |LAB-fa250 ) but expensive!

2) Trigger-less - commercial

* trigger-less system, based on existing fADC + Trigger Boards (e.g. JLab fADCs and VTP boards )
* Pipe-line data transferred to a central trigger CPU and then moved to storage
* Requires ad-hoc firmware and software development

* Not clear if cheaper than |) but may be more matched
on BDX requirements

3) Trigger-less - custom
* trigger-less, based on a custom DAQ: single-channels digitisers, integrated in the front-end electronic
* Sophisticated solution matched to the experimental setup
* Requires ad-hoc hardware, firmware, and software development
* Similar approach used in other experiments(KM3NeT,PANDA)
* May benefit of technology/solutions sharing with reduced costs
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. Porting v-tel DAQ to DM experiments
A first compatibility test .

KM3NeT-Tower DAQ test-bench

Used gear:
-1 FCM
-6 FEM (1 per channel)
a selection of the available computing resources
(note: multi-servers use is here overkilling but remind this is a step O test!)

/ 4
FCMServer1 r km3tridas14 km3tridas18
HM1 TCPU1
:.... -i
@ km3tridas11
EM

INFN
resources

s T \r

km3tridas12 km3tridas13  Ixstorage1
TSC TSV STORAGE

- 4 CsI(TI) crystals
- 2 scintillators
- 6 SiPMs for readout

1-GbE SFP 10-GbE SFP+

0 ==
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TS 7100488780, Event 4

. Slide Title .

> e o channel 5
: | . — L1 Trigger
g . % Simple Coincidence
' . (SC) in 20ns
1 o e .. _ * Q>Q0 (300-400 pC)
0 50 timleO;)ns] 150 200 L2 Trigger
TR B o e c':anne:s % &[all crystals Q]
1200 * Q(2)&SC(5,4)
ol _ Se.lturat.ed s.lgnal shows the % Random Trigger (RT)
g distortion introduced by the *
1000 mismatched preamp/FEM SC(4,5)
vl interface (analog FE)
1
of
EIC - Streaming Readout lIl 2018 - 4/12/2018
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. Outline for TriDAS in BDX .

Redesign of electronics is almost completed: technology equivalentto 1 FCM + 12 x FEMs (=12 ch.) + etherne
integrated in one new single board ( WaveBoard- refer to F. Ameli's talk, yesterday)

TriDAS can be immediately used “as it is”’; planned some parameter fine tuning to optimise the data handling
running with low single rate per channel.

Possibility to change the buttering at the level of HM.

The evolution of tests presented yesterday in A. Celentano’s talk:

a full TriDAS setup running on one single server + a larger n. of sensors (plastic scintillators + Csl crystals) and the
due n. of WaveBoards.

The BDX use-case has “triggered” the intention to improve the already modular architecture (electronics +
software) in something more portable for trigger-less experiments.

Proposal to EU-ATTRACT call. A
tATTRAI:T
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Thank you!

Further readings
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(2014).

TriIDAS web site: https://bitbucket.org/chiarusi/tridas.
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R.Ammendola et al., NaNet3: The on-shore readout and slow-control board for the KM3Ne -ltalia underwater neutrino telescope, EP] Web of
Conferences | 16,05008 (2016).
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BDX proposal: https://arxiv.org/abs/160/.01 390
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