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Un réseau Ethernet de mille et un capteurs
Intelligents pour |’ expérience OPERA
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+ K.Korcyl, P.Golonka, Cracow, ATLASHLT modeling
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Programme

 OPERA

e Description du noaud de base:
*Ethernet capable front-end

e Premiers travaux sur le réseau
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LEP - LHC nm
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Belgium
COLLABORATION China

29 groupes CERN
~ 130 physiciens Croatia
France

Annecy, Lyon, Orsay, Strasbourg
Germany

| srael
|taly

Bari, Bologna, Frascati, Naples, Padova, Rome, Salerno
Japan

Aichi, Toho, Kobe, Nagoya, Utsunomiya
Switzerland

Turkey
Russia
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Lasolution du puzzle: oscillation neutrino

R noo i interactions. “weak” es. (N ,Nm, 1)
* "Mixed" eigen States{ propagation : “mass’ e.s. (n;,n, ,ny)
L “invisble’

#¥* Quantum M echanics

weak ® mass ® weak
N
m n..Nn,, N n. N
P — 10 213 m, ' 't
% ©%00000e 00000000000000000000000000000000000000000000000000000%sssscssssscscs
~J “basding” L

v

weak

® different propagation of n, waves (. detected. althouah
szij R different n, mixture at detector t == ug
| Nymwas produced

® not only n_at detector !
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But d 'OPERA
< ~0,1 mm >
Trouver latrace cassee”, resultant Inter action des f, dans les
L : emulsions photographiques
delades ntegration dut (une “ tranche tomographique” )
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Evénement, dans|’émulsion, puisreconstruit en troisdimensions par ordinateur

émulsion

support plasthue\
émulsion — N

200000 m2 d émulsion ~ 0.5 Giga cIicHés de photo

Visualisation par ordinateur des trajectoires de particules dans deux
couches d’ émulsions disposees de part et d’ autre d’ un support plastique



Microscope pour analyser automatiquement lesimages
en troisdimensions

fd’esserl&ed |mages~

Entiérement controlé par ordinateur

f-f"* - *“entranches*
UTS (1cm2/h) ==> SUTS (20 cm2/h), x 20stations T
CCD
A, _ 1,KHz
IiFy, = Optique —
Nipui CCD ~0.003 mm : :
; - ' profondeur de champ : :
Optigue A v o
RS “trancheoptique“ - I
\ /l
Emulsion \\ !
) §
Couche
d’émulsion

photographique

f , ] - Cargese -
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Track
density
In emulsion

CHORUS 10k /cm?
DONUT 100k /cm?

OPERA 100 /cm?

DONUT ECC:

Lyon

5 x 5 mn¥ times 8 cells: . LN —
Pov RN g0
K, T T [ x’f. 5
100000 track segments; L o e L
sty SRemew il W PN e
W, . mok PR W MO Py
-l '\_“'ﬁ - "‘-1 ;F,\"-.-:- %—.\— il L IIll
900 stopping tracks; e w e p L f«,,_ &0
- .L-:_?. . _."-\'ﬂl -:__1.-:."_ | . Bt -: i
o | : ;-aﬂh"j “‘“x Hi';i: EHJII'-
- ) i i‘ ‘- ": I: i e,
180 small angle, high energy; by W Nl R
g CTSIANYR
1 neutrino interaction et
i b, o ; ;
(require low IP tracks) . ﬁa K. 5
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OPERA n, events
| t decay Dm? (103eV?) b.g.
L & _ 15 32 50
5year S e 1.7 7.7 185 0.19
: m 13 57 138 0.13
3years 1 h 11 49 118 025
_2 / Tota 41 183 441 057
0 F SUPER K 90%CL_>
i v TNDM? = 1.2x103 eV?
oy : ‘ at full mixing
8 T e
S| e ) sin2 (2q) = 6.0x10°
10 - e at large Dm?
i sin” 20
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Basic “ cell”

N

(DONUT)

Pb Emulson 1 mm
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i T V4 -
j;) | .. Trackers 't -msroRtaRs&~ Ny cléaire de Lyon
Pb/Em.
—— tar get
L
N Pb/Em. brick
ccccass) .
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o0 " |
el
Lanett? "::!E!::I:"l:'l 18
"I!!Eaf:;::ﬁ:::::nu-q-..-t:llllﬂ::
1) ""‘m,_m i
N Extract selected
brick gcm ——
Electronic detectors

® salect ninteraction brick

Jour

® mlD, chargeand p

Emulsion scanning

‘ \@ vertex search
® decay search
‘23-27Jui|| ® e/glD, kinematics ‘ 12
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detector

mspectr ometer

Magnetised Iron Dipoles
Drift tubes and RPCs

brick
(56 Pb/Em. “cells")

ntarget and t decay detector

3 “supermodules” each oneis
a sequence of 24 “ modules’ consisting of

AI)\f\I |

HINEE
AN

| brick wall

-a“wall” of Pb/emulsion “bricks’ |

— - 2planesof orthogonal scintillator strips v Tator
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IPNL proposal for the OPERA DAQ
> Distributed acquisition system on Ethernet g
» Smart sensors also called
=Hr ' Ethernet Capable Front-end Module
o0 » 8-16 nodes per plane data rate of 8 Mbits/plane
oo
m onO
L= oo » A network tree architecture with atwo
levels of switches up to the event
s/ puildling work station
| I
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Ethernet Front-End Module concept
WL Sfibres i <

64 strips MaPMT, HPD <

ETHERNET

CONTROLLER | [€&=—>»

ADC

FPGA |

Front-End Sequencer
HPD Front-End IC Ethernet Controller
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ETHERNET ‘ i
ONTROLLER

7« _"\
Front-End 1C Front-End Sequencer

Ethernet Controller
» Concept of Ethernet smart sensor :
[ Control of the multi-channel Front-End chip
O Sequence the readout (FPGA)
O Send the datathrough Ethernet network (Ethernet controller)

» Access (any application able to open a socket on the network) :

O Any WEB browser

O LabVIEW interface through Ethernet

O C program interface

» Each F.E. element (ex. 1 HPD) isa node on the network (no BUYS)
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Electronics: the Front-end chip VA-TA32CG
(IDEAS)
Calibration
shiflt register |
v T » After the preamp -->2 paths

T | » fast TA(75ns) / Sow VA (1-3 ns)
4\5 »>TA: OR of 32 channels--> S/H

-

el g ol 6 g
z ; 3 g, |3 >TA.: individual thresholds
S 2(|| raszce|E 2 >VA: MUX of 32
= _ 5 g 5 »VA: can beread at 100 ns/channel
2 E 8 8 | —T>Onchip calibration i
8] — © E=— . .
|© ° > We can register extra triggers
il (M= it
j —— A—N
rFo1 B N T
Calibration Sample / '\ rigger |'sa eregister
pulse hold Readout N\
shift register Dac threshold adjustment register
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HPD-VATA system

» HPD general characteristics:

U 61 pixels —
O S20 photoQ& 3mm A

U QE : 15 % (520 nm)
U gain (10kV) : 3000 e (0.5fC/p.e)

» HPD-VATA performance:

O auto-triggerability at single p.e.
U p.e. resolution (> 7 peaks)

U gain uniformity ~5 %

U crosstalk ~2 %

d p.e resolution HV ;. = 5 kV

U gan linearity with HV

O Dark Current ~1 kHz/ pixel

U dynamic range ~ 200 p.e.

Journéesd’informatique IN2P3/DAPNIA
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First prototype using an Ethernet Controller
from Agilent (BFOOT 11501)

NCAP
Ethernet
Controler

FPGA

APEX?20K 200

MTD135

Lecroy

Ethernet
Controller

B
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Ethernet
(10BaseT)

Status

BFOOT 11501 features

Flash memory
Ram Memory

Osc

Xformer | |
& Driver

P 68000
core

Serial Port #1

|EEE 1451.2

Synchronized Clock

(+/-200 ns)

or Serial port #2

» Custom ASIC with a processor core.

» Embedded Ethernet controller.

» Time stamping function with a
Synchronization capibility of +/- 200 ns

accuracy.

» Embedded web server, HTML et Java.
> | EEE 1451.2 standard.

Journéesd’informatique IN2P3/DAPNIA
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|EEE 1451.2 concept

Smart sensor representation

Smart Transducer —
Interface M odule (STIM)

Network Capable
Application Processor

sensor | ADC (NCAP)
STIM (—)
actuator [<—| DAC (—)
Controller Transducer Networ k
mixte [€>| DI/O interface interface
(HP BFOOT 11501)
Transducer
Electronic Transducer Ethernet
Data Sheet (TEDS) Independent Network

Interface (TII)
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FPGA implementation of a STIM
iIn VHDL langage

Data ADC DATA Module

RAM
ZeroSuppression.

ADC
FIFO

Status Register

Data ”(A

|EEE 1451.2 interface

TEDS ROM

(Transducer
Electronic
Datasheet)

[l =iml

STIM
Status
Registers

lA

(K

A

X
: Address
vV

!

1

> |EEE 1451.2 interface

» The event channdl is
Implemented in a FIFO

» A zero suppression is possible

3 £
g Sequencer configuration Register STIM §
Controller e}
_%é: | Front-end configuration Register | ﬁ (Smart Transducer Intirpflace i > FI’Ont-end readOUt SequenCeI'
2 Front-End Readout EEE 11D & and controller.
5 Sequencer
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Read access mode through a JAV A applet

» The ADC data are continuously
readout through Ethernet.

R » WEB Oscilloscope !!!!

» Usefull for monitoring and
dow control through smple
commands: e.h http://lyotmp9/...
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Data streaming application

» Special function for continuous
data acquisition.

buffer dements

. — > No longer use of http command
|EEE 1451.2 p Ethernet
(_) 4 writing /, (_)
/, » With the BFOOT 1 M bps of data
fre | ¥ can be achieved
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Time stamping

PPS
L>> ¢ GPS
RUNNING va Etherpet
COUNTER UTCTIME < R
Trigger
> To Next Front End
UTC Time X UTCTime+1s )4 UTCTime+2s >
PPS  [] I 1
PPS local Counter value >K PPS local Counter >;< PPS Local Counter value >
Trigger !_| | i !_l
—#:( Triggier Counter value i >K Trigger Counter value >

(An accumulation of the local counter value over a few seconds can provide a mean value for freqOsc)
ASCII UTC distriuted at start of run, and then updated at each PPS locally
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| *Tests de Mai-Juin en conditions faisceau
1 Mbit/s obtenu

B Facilited’installation:

*lacate+ 1 PC

b *Peu de cables:

o1 pour aim +1 ethernet pour les donnees
HPD cockie =TT A
e T LT e VATA
(I I ::' ETA | 2x 32 chamnels
i o T
¥ g!TE_ i
T
optical i —E,‘-?;,
COMNector S
61 pixels i
Selntillator H comected) cout | [ ] |
(3x 16 strips) s e Ethernet
= ezl pag
% )
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B L ow datarate experiment ( 100 Hz/ channel, 72 kchannels, 96bits/hit)
B Aggregaterate 192 Mbit/s/supermodule allows:
ETriggerless mode
B Ethernet for data transmission and event building
BReadout can follow modularity of construction (64-128 channels)
B Autonomy, ease of calibration, local intelligence (smart sensor)
BEthernet visibility: transparency for slow-control and monitoring
BEthernet «jusqu’au bout desongles »
BUseindustrial solutions (Ethernet, PC ’'s, Java?)

BMEmbedded Ethernet/Java in full industrial expansion (cellular phones,

smart houses,...) drivesthe costslow (10$-30%/chip)
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Status and Future on Ethernet
» Readout of HPD / PMT auto-triggerable F.E. DAQ
Q Chip compatibility : F

= VArich- TA32cg (HPD/APD) ok
» VAhdrll - TA32cg (minor changes) (MaPMT)
= All Viking chipsarein principlereadable

» Futuretests & developments:

New Ethernet controller (ETRAXYS)

100 M bits/s, low power,

embedded Linux ,35%

0 Design of acompact Ethernet F.E. module +analog FE
O Possibility to make aseries? e-TDC, e ADC,e-DAC ?
O Possibility to for compact e-PMT modules?

Test of event-building (=500 Ethernet nodes) in collaboration with the group of
simulation of ATLAS HLT (K. Krorcyl, P. Golonka R. Dobinson et al)
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L1 L]

48 100 Mb/s
1 Gb/s
Concentrators (4)

4x4 Ghbl/s
switch(1)

Upto4 NIC's-CPU

7
Work 8
Station 1
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Une possibilite d ' occuper utilement |a bande passante

concentrating switch workstation

1 2 34 1 2 3 4
1second: 1 0.25(1)
2second: 2 1 0.50(1) 0.25(2)
3second: 3 2 1 0.75(1) 0.50(2) 0.25(3)
dsecond: 4 3 2 1 1.00(1) 0.75(2) 0.50(3) 0.25(4)
5second: 5 4 3 2 0.25(5) 1.00(2) 0.75(3) 0.50(4)
6second: 6 5 4 3 0.50(5) 0.25(6) 1.00(3) 0.75(4)
7second: 7 6 5 4 0.75(5) 0.50(6) 0.25(7) 1.00(4)
8second: 8 7 6 5 1.00(5) 0.75(6) 0.50(7) 0.25(8)
Osecond: 9 8 7 6 0.25(9) 1.00(6) 0.75(7) 0.50(8)
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OFERA zupermodule DAC systern modal: 4 concentrating 48FE + 1GE,

. 10° ) FEEE T T TS CECTEE T,
*Onestloindela R e _ e aws e |
congestion et les B S | | S e |

" SHELYE S o DWS Mbis |3
transitions de phase S L BWS aMbis

,p . , I R e iiiiilii] - 2WS BMbls ]
avec les debits existants o I N O s VO SO S = 205 1oMbe ||
*Groupe ATLAS 310{:_______ A%k &

Simulation (FTOLEMY) R S W e
des switches commerciaux § el R R
(BATM) compléte, testee S I R
avec le hardware. 2 el VR R
10°E
B L T A

15 2 25 =& 2.5 4 4.5 5
Latency. ns v1g°
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occupancy [%]

output queue occupancy

100 »
*Scalahilité des

processus? 80 1 ME
«Select() impossible =2 Mk
*SIGIO 20-25\% de 60 3 Mkt
la CPU +;‘ mz
*TCP/IP complet en 40 s
Octobre, et estimation

| - 10N
(calibrée) d ’occupation | 20 ‘A\ﬁj\‘\
de la CPU | |
DEL SUREMENT: CPU oad ] 0 S T 9 . 56 E——T‘\

1
4 aof)
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Conclusions et Perspectives

» Un premier prototype de capteur intelligent avec un ADC 25 MHz(+DAC
pour gjuster desbiais) aété construit et testé en condition faisceau.
»Le processeur ETHERNET utilisé a donne pleine satisfaction,
malheureusement HP a décide d’ arréter sa production
»0On acommenceé destests avec un nouveau chip LINUX le ETRAX .
LINUX = moins de risque
»0On acommence la modélisation du réseau avec le groupe trigger ATLAS
smulation,
> Premiers résultats satisfaisants
»Smulation TCP/IP complete en Octobre
»>L’idée des capteursintelligents Ethernet a un grand avenir devant elle
»>0On est prét a collaborer pour d’autres projets, et/ou valider cesidées
en industrie

Journéesd’informatique IN2P3/DAPNIA  23-27 Juillet 2001  Cargese 33



\ /4
N
Ih : ; :::

e tranam ettt

| . ] , . by
' ||___ Institut de Physique Nucléaire de Lyon %
Le gui de du Routard de I ] Onl I ne : Evolution of Cnmputer P(“.\;EI-I‘C(_)H Brain Power Equivalent per $1000 of ('[:n:lmt:::.:r ?4”
° Amener |es données au pl us Vlte MIPS per $1000 (1997 Dollars) o <=2
Million
Vlgr SUne[pless EPU et écrire d Gain d’un facteur 2 NP o Y,
< pa,s rester Chez soi et ecrire aes chague 3 ans en puissance/$ GIHK  vawa 5
codes esoteriques pour des o . — - §
machines ésotériques ik TR
Eviter de prendrelebus :  Nnnde
(méme pas PCI) v
-Sortir directement al "autoroute . i B
Ethernet 1Gb/s--> 10 Ghit/s-->?
*Eviter les embouteillages 1
(congestion) avec des bons e L
commutateurs i
ﬁ Wonroa ::alc:-.: I\| { -. ek
[ ] _,,»"’— -
° of
1900 1920 1940 1960 1980 2000 2020 Year

Plus adaptée pour astroparticulesque |l 'LHC maisvoir ATLASICMSHLT

Journéesd’'informatique IN2P3/DAPNI A 23-27 Juillet 2001 Cargese 34



