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Talk overview

® The reasons for neutrino astrol:)hgsics

.. and whg in the Mediterranean Sea [i1]

SO coml:)uting for:
1 the ANTARES exl:)eriment 2]

1 the NEMO Project 3]
1 the KM3NeT Consortium [4]
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- with neutrinos, look far

& inside Pos'sible thick sourcés

Ast h. cal High energy protons | |
Astrophysica 50 Mpc ‘ i

source / -
T ° - neutrinos
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. High energy gamhas
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Low energy protons
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© very small neutrino cross-sections with matter O ~ 7.810726(E9*/GeV) e’

enhanced astrophgsica neutrino Huxes w.r.t. atmosphcric background above 10 TeV,

sosmallfluxes, dF/dE ~ 1075 E-2 /(GeVssrcm?)

i Telescol:)e Vol >1km? for some events/ year

© bigvolumes " save money with the cheapest materials

m  use of sea water (or lake & Polar ice...not discussed here)
BUT atmospheric backgroun& s less when staying AeePer
m DEEP sea water ( below 2000 m usl)

these are the main Mediterranean nu-Tel. features
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Constraints for a “Mediterranean” computing model

&) big volumes +

water oPtical Properties (absorption & scattering of Hue~green Photons o Gome
goocJ angular resolution (.29) for usc{:ung pointing (that's neutrino ASTRONOMY)

I Mary detection elements (N. PMTs > 5000/ |<m5)

© signal-to-noise ratio extremely disfavored -
—

muon rate (atmos%heric’s dominate) 100 Hz/km’
K decags (constant) . 40 kHz/PMT(10”, 0.5 pee. thid)

Bioluminescence” (occasional) : upto some MHz/PMT (107, 0.5 pe. thid)

+ % o W%
No “beam crossing” reference such as for CXPCrim A )
.I.

complex DAQ structures in extreme conditions (mandatory: minimal underwater maintaining)

w AlLL DATA TO SHORE approach

* should disaPPear below 2500 m us)
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— | Data Aggregation ;
@ @ @...@ Data are received on-shore according to a given%-
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switch
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Running E:
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m Paused
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switch

DAQ model defined with finite state machines.
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| Principai Information Cnanncls
li _ §

| oPticai data : the highest unidirectional tnrougn!:)ut, from off- to on-shore
it determines the THDAS SPCCilCiCS E=3T0 MBPS/ PMT)

+ slow control : biolirec’tional, no Fiitering, low band occuloging
* clock : could be an external or main-stream embedded information

acoustic Positioning . from off- to on-shore;

low band consuming, (~10 Mbps/hycir.oair}

acoustic detection : (Possiblg) embedded in acoustic Positioning data

environmontal SCHISOT SCi'ICClUICCI or on~clomancl;

low band consuming (~ 100 kbps/ instrument)
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The ANTARES Ploneer experlcnce
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LCM The single Photon~e|ectron hit ona PMT s sized ;_

- B bgtes - ’cimestamP +total charge; the Pulse wave-
formis not used but for sPecial acquisitions .
64 MB SDRAM :

(M \ l» ,1 @350 kHz/PMT , the LCM trhoughput 550 Mb/s ¢
- \ — (on100 Mb/s output: factor2 saFetg)

1 = i ARS 3 bty processo
i 61\}_‘_ < PR o FPGA i VXWOF‘(S OS
, g ——ARS 4|+ -

‘ : L—/ Ethernet port |e{—> ' - ’

- — 2fARs 5 / 100 Mb/s The continuous data stream is stored in the
PMT —— i A w2 e
= —>|ARS 6 | SDRAM subdivided into 10-100 ms “timeslices’

3 g | Sagorss —— Each PMT has 2 ARS pair in a token ring for minimizing the :
- SR, total s_ampling dead time (<0.04%). NOTE that the
TS effective ANTARES dead time is bigger and it is the ;

- 7 convolution of many other factors (see ahead).
10% =
10;— | The Clock system 20MHz, Provicles common clock signal
1 e to all the ARS chips, with accuracy of 100 ns. The ARSs,
10° 10° 107

with local counters, Push time resolution to ~ 1ns.

ARS1 estimed freq. (Hz):74934.5 ...
ARS2+s estied-freq.. . (Hz)+ 74937 Hises
- estimed ARS deadtime: 0.04 %

pam s RS e | [ — — e I _ -, i

. T e e — oo s — L e —— e T e B e 1
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Y | v | ﬂ——_»—ﬁ online triggcr farm &
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906 Barrel Shlﬂt de|a9 multiplc oF T|m<35|1ces cluratlon l’c
determmes the number of concurrent transmitting LCMs. ]
Lxml’c the FPGA buffer (64 MB).

906 The number of DQueue server cannot be arbltrary

Too few DQueues "= t00 much throughput from LCMs.

|

|

) ‘ f‘i Too many DQueues "% to0 much delag forLCMs

l When th rates:
\/E:TO onLCM data senclmg i Dead Time (10-20 %)

;__Wol_r.- st o,|:> _C_C—R~INFN C;rl_Z_QiO»§

Tuesday May 18 2010



—

| All the processes in the

same state at any time

Tuesday, May 18, 2010

re

\/ RUN definition: acquisition with a stated |

master clock

detector conﬁgu ration

l

.
.
.
.
.
.
.
.
.
.
A 4

Database
Oracle®

N

CPU| I\
!..

st%Isectodsm'n% module Wil
N . !

/




ANTARES DATA Processing

automatic run restart

Data
aggregation

' | Complete | *
Time Slice
¥ WE ) s ) )
N b Calibration
& ‘_j :::’.Z: n:no.u AN ’
€ i b  Tmosen Calibrated
E:: ) i3] 2 133 8 2 2 33 3] 2 ) ) ) ._vv.A “ &8 2 [ 3 Data
‘r & 4 4 . . 4 . . . A A . A = ) N A A N - .
10 3 . E Triggered
v v v v v v 4 v v v v v v v I3 v v v v v ~
v 1 Event
1 rp 4 Event
- -
E . formattlng
10" E(’? . 2 o (= 0 N o O a =) - 0 a ) (= e b 9 0 O n 4 OUtPUt
= 0 3
F : Event Data
o) PSPPI TS e IO Uty R I R i archival
' 07:00:00 07:15:00 07:30:00 07:45:00 '08:00:00 08:15:00 03 30:00 08:45:00
Time
- >

DFilter machines: 29 Intel Xeon 4 core 2.6 GHz CPU
Basic Trigger: the so called L1: - Pair of coincidences in 20 ns on the same storeg

~ charge over ’mresholcl

Other Trigeers: complex 1D or 3D scan, Special Pointin (Galactic Center, TQ),
25 P 2 5

Magnetic Monopoles, “minimum bias”

data suPPression: from “normal’ 0.5 GbB/s incoming to 2 GB/ h stored (factor 107?)

T R — — e S— P e S, el i e pui—— S e
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ANTARES data Storage, Bookkeeping and Access |~
ror t X Tod x
58 matching runs found
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(7364|107 Amdow T G1O D2 RO nStmsimer | 133301008557 |38 O 48s [ RanConre sariod sow rem ol

View All Metadata

+ X Every night data are coPied from _— Storage RCqUCS’E

Oinies ant_write@ccin2p3 Bro ‘(Cr’ <5 RB)

‘. local diS‘(s tO Storage)s M’o:adata describing entity data
| BCICICRSC HCRC ¢ iy e

- Sk Concurrent data deliverg :

o~y

-

W
: E

>

R
Digecton SOl ORBData ¢
fin2p3/data
Function SubCollection Creation Time Owner

: . Real 2007-07-16-16.02 5%am_write@ccin2p3
CalR 2008-08-08-1507 O0ame_wne®@ccinlp3

[SPIOCCSS 2006-10-20-17.10.52amt_write@ccin2p3

cocooo

| KStorage accessvia web/terminal | 5 SIS Meemaor i
| vithin the SR middlevere [9] FaEEH G@E @ 6§ e a @

e e S, e ., g _— o B e - — i, p—— —— iy e
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ANTARES data Storage, Bookkecping and Access

] ]
TN
B
7H
Biocam DAQ SCAN ﬁ
IL-07-Amadeus Test: G10 DS2 RO noStatstimer 13-3-2010 16:3431 [freon——

Line 1-12 OM Reduced HVs (-20% on ampl. part) SCAN 13-3-2010 14:32:34 [foCal |

| Colas Riviere |
1L-07-Amadeus Test: G10 DS2 R0 noStatstimer 13-3-2010 13:36:18 ||Aume Deschamps |

| Bjoem Herold |
1-07-Amadeus Test: G10 DS2 R0 noStatstimer 13-3-2010 12:02:31 [[&myGat |

Line 6 Repair Sector 4 SPE Background 13-3-2010 11:06:06 _

41261 |1L-07-Amadews Teot: GIODS2ROmoStatstimer |13, 2 Line 1-12 OM Reduced HVs (-20% on ampl. part) SCAN

58 matching runs found

RONI v |
1276 | 1L07-Amadews Tes: GIO DS2 RO noStasimer
7275 | TL07-Amadows Tes: GI0 D52 ROmosiasimer
7274 | W07 Amadows Tes GI0 D52 RO mosimsimer
7275 |Lino 6 Reper Scior A SPE Buckgrownd______
7272 |Line 12 OM Reducsd Vs (20% om gl par) SCAN
@ [bosmDAQSCAN
7270 | TL07-Amadow Test GI0 552 RO mosimstimer

726 |ine 6 RepaieSector 4 P ackground 13-3-201009:35:34 jicie—
N e — '—K.,,c,,,f
_ LN (2o @ Amadeus Test: G10 DS2 R0 noStatstimer 13-3-2010 08:59:32 fiomeoecre:

View All Metadata

Sk Every night data are coPiecJ from Storage RCCIUCS’E

Parent Collection: /in2p3
Qwner ant_write@ccin2p3

ocal disks to storage’s R | Bro‘@:r(SRB)
E[C JC JC isigC gC RO ¢ i puising g JC i ilel) >
%AH data stored at CC Lgon 18]

fin2p3/data

|'!

»

d d |/ Function SubCollection Creation Time Owner
] : :r Re 2007-07-16-16,02 5%ant_write@ccin2p3
. >Concurrent data delwery , T —
z 3 $ ‘_] [SProce 2006-10-20-17.10.52amt_write@ccin2p3
3 . 4 o L 2006-07-27-14 40.15am_write@ccin2p3
- k-Storage access via web/terminal S
4 O 2006-11-03-10.51 4dant_wrile@ccin2p3

* within the SRB middleware [9] ' |_|- [’g @@ @& [ 66 G HS

Infoe Helg MySRB
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The ANTARES (Preliminary) upgoing

neutrino skﬂ map
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Expectecl Data Rates
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APProximative comPuta’tions accorcling to the KM?3 document

Atmosl:)heric Muon Signal (3000 m depth) Upgoing Neutrino Sigﬂal
~assuming - Rate , am: 100 Hz assuming - Ratey : <4103 Hz
- Rate pkg: 300 kHz - Rate pig: 300 kHz
- N. PMTs: 8000 - N. PMTs: 8000

- Rec. time window: 6 us - Rec. time window: 6 us

Post~Trigger datarate: =2 kBps
Stored data /day = 150 MB !1!!

Post-Trigger data rate: ~ 40 MBps
Store%ggata /ﬁay ~1 TB !!!!

For 1 D.U. the throughl:)ut is to reduce from 256 MBPS e O 0 ‘(BPS % GB/Aag)

The TriIDAS reduces the data rate by filtering the data stream bunched in Time Slice (TS).
A TS contains all data from all ( or part of) the detector occurred in a given time interval (~100 <200 ms).

WHAT 1S SCALADBLE?
The TrDAS Principal elements:

s Trigger Sgstem Controller (TSC): monitors and serves the TriDAS - (1 GbE I/O)
- Hit Managers (HM): receive optical data; prepare and distribute the TS to the TCPU
i -Tn ggerCPUs (TCPU): apply the trigger logics to the assigned TS and transfer the selected data to the EM;

- Event Mana ger (EM): receives the triggered data from TCPUs and build the Post-Trigger events data file

Tommaso Chiarusi SRl S Work-shc;P-CCR-lNFN Gria 2010
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THDAS for NEMO Ph.1
‘The maximum throughl:)ut of the MiniTower was < 512 Mst

*One Machine, the Master CPU (cPu 2% 2.3 GHz, ram: 4 GB, HD: 2 x160 GB, OS: SL
15 D Plagmg all the roles (Hit Manager Trlgger Event Manager) with multl-threaclmg

SIREE - Storaging via IGb eth. (TCP/IP) to a dedicated server
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T TnDAS fora First prototype Detection Unit with 16 Floors; -
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Number of Available Clock Cycles per CL ] per TS:

Drate HM—-TcPu = | G}DPS
| S acr Repu=2.5 GHz
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_-i / /
~ Monitoring
: : ; ;
- Via ControlHost: a lag Controlled Data Dlspatclnmg :
, [V. Maslenikov et al. CASPUR, http://afs.caspur.it/temp/ControlHost.pdf]
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- ot = o Venstered L __ < and siorea
3
) T s
.I-: RATE -—.—:\r—_’:—.— i
; N >1 GBE’s.\.vlt::;'llng
| A — S Module

Dispatcher for \
TriDAS status /

|
X
s
’ ' '
i l e
4

‘; Complementary Displaying System

Dispatcher for
Physics Data

- = il . — . me  gere———

L e e — il R Rt e e S

-*Workshop CCF;INFN érid 26]6

Tommaso Chiarusi

Tuesday, May 18, 2010


http://afs.caspur.it/temp/ControlHost.pdf%5D
http://afs.caspur.it/temp/ControlHost.pdf%5D

Multi purpose on-line Visualizer (QT4+ROOT)

tag A dispaxher gruppo stato allarme soglia allarme  valore istantaneo media media dallinizio descrizione
1 0 ]’ Ixantares3 bo i HM connesso disattvato 20 73.31 M8/s 70.84 M8/s 71.22 MB/’s HM 3out
(2 | si Ixantares3.bo.i... EM conNesso disattivato 20 19.26 MB/s 29.14 MB/s 29.87 MB/s EMin
3 n2i Ixantares3 bo.i... MCFPU connesso disattivato 20 73.86 MB/s 70.69 MB/s 71.08 MB/s MCPU 1 in
4 nli Ixantares3 bo ... MCPU connesso disattvato 20 7354 MBS 7094 MB'S 71.08 MBS MCPU Oin
' 5 a%o Ixantares3 boi.., HM connesso disattivato 20 7396 MB/s 70.65 MB/s 71.02 MB/s HM 2 out
6 ado Ixantares3.bo.i... HM connesso disattvato 20 73.01 MB/s 4866 M8/'s 71.02 MB’s HM 1 out
|
7 ajo Ixantares3.bo ... HM connNasso disattvatno 20 73.00 MB/s 70.65 MB/s 71.02 MB’s HM Oout
|
B asi Ixantares3 bo.i... MCFU CONNEsso disattivato 20 73.79 MB/S 3.09 MB/S 71.07 MBS MCPU 2in
9 aSo Ixantares3 bo.i. .. MCPU connesso disattivato 20 829.17 kB's 743 MB/'s 813 MB/'s MCPU 3 out
10 aSi Ixantares3 bo.i... MCPU connesso disattivato 20 73.66 MB/s 7091 M8/s 71.07 MB’s MCPU 3in
11 ! ado Ixantares3 bo.i... TSC connesso disattivato 20 864 kBS 1002 kB/'S 11,47 k8BS TSCout
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eventdisplay

Configuration  Statistics | File Parser = Visualizer

Tnigger types From To home/alessio/Scrivania/event_display/srcfile. dat
Tag generale: 200702270 size: 308
simple coincidences From File duration [ms]: 1467172140
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Graphics setfngs Graphics Stat
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Nemo Farm Load last day

Load/Procs
=4
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Nagios

“ Home

) sy V'A',i,'l "NOSte

Updated every 80 seconds
Nagios® 2,12 - www nag

Logged in as naglas

¢ Service Detall
Fobleee

® Hostgroup Overview

o Hostgroup Summary

% Hostgroup Grid

¢ Servicegroup Overview
% Servicegroup Summary

xantaressd bo

Current Network Status

Last Updated: Fri Mar 5 01:35:15 CET 2010

ET 201

' Pactith
hock R
P oasn
| )
e it
k
ATeN US
o
Fart
hock Ros
D0 SO Ce
' @
JP Crvice
OV (
/ FPartity
hock Rar

| OK

o
A

9119 19 19112

FRIRRRZ

oK
oK

[ OK

{: OK

|: OK

Host Status Totals

15 [

Service Status Details For All Hosts

03052010 01:30:1 10d 13h 16m 383 174
1.05-2010 01:31:1 d 130 18m 48 1/4
03-05-2010 01:32:1 0d 7h SOm 42s 174
03.05-2010 0133 d 13 17/mos 174
03052010 01:34:1 10d 13h 16m 185 174
1 10013014 Od 130 10m 185 1/4
03-05-2010 01:31:14 10d 130 15m 355 174
3-05-2010 01:32 d 20h 6m S3s 174
03.05.2010 01:33:14 10d 131 17m 535 174

03-05-2010 01:30:18 90 14h2m 47s 174
) 2010013118 9d 14h 2m 563 174
93 14h3m 6s 174

Bd 14h Om 188 174

Bd 12h 36m 258 174

8d 14h 3m 345 174

B0 8h 42m 475 1/4

id8hd41mds 1/4

03.05.2010 01:33:22 21d 16h 48m S2s 174
030562010 013422 219160 37m 21s 174
03-05-2010 01:30:26 30d Bh 36m 19s 174
03-05-2010 01:31:26 30d 11h 37m 28s 174

Service Status Totals

(78 ( 0 (58

with A. Paolucci CCL Bologna

DISK OK - free space: / 9383 MB (8% incde=56%)

3. home 196715 M8 (995 node=59%)
1N

OK - load average: 1.03. 1.04, 1.00

USERS OK - 0 users current

y logged in

. 177 processes with STATE = RSZDT

DISK CK - froe space: / 7STT M8 (63% incde=96%)

DISK CK - free space: Mome 201340 MBS (99% 99%)

nNoCo=4
OK - load average: 0.08, 0.04, 0.00

USERS OK - 0 users currerty logged in

PROCS OK: 170 processes with STATE RSZD1T

DISK OK - froe space: / 7506 MB (62% in

JISK OK - froe space: home 11226 M8 (21% inode=58%)

OK - load average: 0.24. 0.13, 0.10

USERS OK - 0 users current

bytes in 0.003 seconds

STATE = RSZDT

DISK CK - free space
Y. home 257141 N8 (99% node=59%

OK - load average: 0.14, 0.11, 0.04

USERS OK - 0 users currenty logged

- NAGIOS allows to define “observables” for monitoring

the goocl/ critical status of the machines, and sends

Tommaso Chiarusi

alarms (mails, “beeps”J “red lig‘ﬂts”...
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Shore laboratory, Port of Catania

" Etna Volcano

— -

- 100 km eleétro-g?l cable (>50 kW,

20 fibres) deployed in 2002 .

- DC/DC power con! < t by :-- | Nemo Phase-1
Alcatel tested and working; installati - o
in 2009 = £

- On-shore laboratory (1000 m2) inside. i :

the harbour area of Portopalo completed
Capo Passero

Image © 2005 DigitalGlobe

Image © 2005 EarthSat

NEMO Phase 2
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=

s AL Bd Ul P b D5 O3 S Bl WS

P % 2 0 % 9 9% 0

<«

>

-

>

'S

B R R B AN By BN B DN

’ o 4 & & & & 0 9
| N T B IR R R R N
P4 5 4 0 0 0 0 0 9
| O R T N N U R N

-
<
-
o
-

4

L B A s

» 2 L I & & & 4 » » ~

+

* & 2 4 % 4 4 e
® & 5 4 2 4 4 0 s e 9

-
<

I N S S S e

® 4 5 4 s S e e e
® 5 4 5 4 & 0 0 6 0 9

°
B
e ¢ & F ¢ 2 4 % O O 4 v 9

o
e

-

L ]

o o
L e

e 4 0 0
e 4 0 0 @
40 900
49 909
>—0—-0—0—-0
L B B
o 4 0 0
LA B S
e &4 & & o
49009
-9
yUYTeTeTe

e

T

O o T = T S S

0@ 0" """ 00—

2 km

[ ————————— 8 S

I e

Tuesday, May 18, 2010



e any case: the off- m on-shore communication is
stated to 2.5( max 5 )GEPS/D.U.

DWDM

Offshore Onshore
Implemented functions
Firmware @ Software Firmware Software

Control/configuration of frond end chips & O X ®
Primary readout of front-end chips 3 X X X
Control/configuration of PMT and instrumentation O O X =
! Primary readout of instrumentation O O X X
] Data transmission (over network) (o) O O o
; Data routing e O 0 O
Data filtering x e X e
Data storage x e x &

®=indispensable O=possible x=not needed

— — _— = = — - —— — == -
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=~ TCM / HM

i conn. @ 10 G%S

(req. 5 Gbps)
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32-Port 10 Gb Ethernet Module

1 conn. @ 10 Gbps

|__4x2conn. @ 1 Gbps

] (rea. 5 Gbps)

HM Farm (e.qg. 90 servers)
D

" 7

Posslblc Network mFrastructure For |<m5 TrlDAS (90 D EF )

Lham

1 conn. 10 Gbps
(req. 5 Gbps)

= - 1bx600nn.|
auie @ 10 Gbps

| Tower configuration of the detector | ————

'"HM Rack (15 servers) |

.
|
i
|
:
1

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

i /Towersector

' 3 ——
Yos I8 i —
—— ==
- 1 conn. 1 Gbps o
- (rea. < 1 Mbps) ""‘
Slot- Switch
15 Tbps Backplane
=224 port 10Gbps .

+ 10/100/1000 ports
(e.g. CISCO Nexus 7000)

48-Port 1 Gb Ethemet Module

1 conn. 1 Gbps
(r OQ < B Mbps)

1 conn. 1 Gbps
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Number of Available Clock Cycles per (@324 per TS:

Drate tiMoTcpu = 10 GBPS :
N s Repu St Siy= 24 b Nacc= 2l
| S acr Repu=2.5 GHz

Estimed number of necessary e@R2l

VilNcNpmr

i
i

NPMT=8OOO P

Ne=Nacc=l /

T
7

et

ADD TCPU! ; e

Single Rate on a PMT (kHz)

Nrcpu=

U1
o

RCPU

N
o

w
o

N. of TCPUs

IF the rCC]. NC>NACC
(i.e. trigger algo. IS Slow)

N
o

—
o

o
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Conclusions

* ‘all data to shore” is 2 cha”enging BUT feasible strategy for km? underwater V-
.f teiescope;

0 scalable THDAS architecture suPPIiyng Hih data-stream (uP to 500 Gbps) 5
Possible and affordable with the Present tec nologg;

* ANTARES & NEMO Pioneered the THDAS for a _
‘undersea neutrino telescope in the =

Mediterranean. KM3NeT TDR will be delivered || ——
;with the stated architecture.

| The NEMO Collaboration is Aevelc:fing a scaled THDAS for a prototype
: Detection Unit (c eployment scheduled for mid 201). '

o e e
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THANK YOU!

SPecial thanksto A. Paolucciand all at CCL (Bologna)) G. Terreni (Pisa), F
Safai-Therani (Roma), D. Salomoni and S. Zani (CNAF)

Blbllogral:)hg
I. T. Chiarusi and M. SPurio) 2010, High~Energ9 Astrophgsics with Neutrino Telescol:)e, Eurol:)ean Phgsics
Journal C 65, nn. -4, 649

2. J. A Aguilan The Data Acc]uisition System of the ANTARES neutrino telescope) Nucl. Instrum. Meth. A 570
(2007) 107-116

3. T. Chiarusi, 2009, Scalable THDAS for the NEMO Prcject, acceptecl for Nuclear Plﬂgsics B (n Press).

4. KM3NeT Collaboration — Concel:)tual Design Report. ( ht‘cp: e www.kmﬁnet.org/ CDR/ CDR~KM§N€T.PCIF)
5. M.A. Markov, 1960, Proc. Int. Conf. on High Energy Phgsics, Univ. of Rocherster

6. M.F Letheren, 1995 CERN School of Computing,

7.V. Maslenikov et al. CASPUR (htt!:): /' axcs.caspur.it/ tem!:)/ ControlHost.lde)

8. Centre de Calcul IN2P3 (http://cc.in2p3.fr/)
9. http://www.sdsc.edu/srb/index.php/What is the SRB
10. E Ameli, et al., EEE Trans.Nucl.Sci.55,2%% (2008).

- - - -

Tuesday, May 18, 2010


http://www.km3net.org/CDR/CDR-KM3NeT.pdf
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