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ConditionsConditions

2 x 16 km 2 x 16 km superconductingsuperconducting
LinearLinear independantindependant acceleratorsaccelerators

Max 2 interaction pointsMax 2 interaction points
ÆÆ 2 2 detectorsdetectors ??????

EnergyEnergy
–– nominale : 500 Gevnominale : 500 Gev
–– maximum : 1 maximum : 1 TevTev

IP IP beambeam sizesize ~ ~ fewfew μμmm
L= 2. 10 L= 2. 10 3434 cmcm--11ss--11

2004 International decision: « cold » machine ‘ à la Tesla’

repetitian rate 5 
bunches per train 2820 Æ x 2 ?
bunch separation 337 ns Æ150ns
train length 950 ns
train separation 199 ms

-> long time between trains 
(short between pulses)

The LC is a pulsed machine

Machine parameters close to
/// /

199 ms
1ms

2820 bunches 5 Hz
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DetectorDetector conceptsconcepts

Large gaseous central 
tracking device (TPC)
High granularity 
calorimeters
High precision microvertex 
All inside 4T magnetic field

LDC GLCSiD

Si Strips 
SiW EM
5 Teslas

Large Gazeous 
Tracker Æ TPC
W/Scint EM calor.
3 Teslas solenoid
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Evolution of basic Evolution of basic parametersparameters
SociologySociologyExp.Exp.

UA’sUA’s

LEPLEP
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--
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Mbit/sec

5-10 MIPS5-10 MIPS

100 MIPS100 MIPS

150-200150-200

300-500300-500

Collision 
rate

Channel 
count

L1A
rate

Event
building

Processing.
Power

1980

1989

Year

LHCLHC

ILCILC

25 ns25 ns

330 ns330 ns

200 M*200 M*

900 M*900 M*

100 KHz100 KHz

3 KHz3 KHz

20-500 
Gbit/s

20-500 
Gbit/s

10 Gbit/s10 Gbit/s

>106 MIPS>106 MIPS

~105 MIPS~105 MIPS
2007

2015 ?

BaBarBaBar

Tevatron

4 ns4 ns

396 ns

150K150K

~ 800 K

2 KHz2 KHz

10 - 50 
KHz

400 Mbit/s400 Mbit/s

4-10 
Gbit/sec

1000 MIPS1000 MIPS

5.104 MIPS

400400

500500
1999

2002

20002000

> 2000 ?> 2000 ?

* including pixels
Sub-Detector

Pixel
Microstrips

Fine grain trackers
Calorimeters

Muon

LHC
150 M
~ 10 M
~ 400 K
200 K
~1 M

ILC
800 M
~30 M
1,5 M

max 30 M
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SummarySummary ofof presentpresent thinkingthinking

The ILC environment poses new challenges & opportunities The ILC environment poses new challenges & opportunities 
which will need new technical advances in VFE and which will need new technical advances in VFE and RO RO 
electronicselectronics ÆÆ NOT LEP/SLD, NOT LHC !NOT LEP/SLD, NOT LHC !

Basic scheme: The FEE integrates everything Basic scheme: The FEE integrates everything 
ÆÆFrom signal processing & digitizer to the RO BUFFER From signal processing & digitizer to the RO BUFFER ……

Very large number of channels to manage (Very large number of channels to manage (TrakersTrakers & EM)& EM)
ÆÆshould exploit power pulsing to cut power usage during should exploit power pulsing to cut power usage during interburstinterburst

New System aspects (boundaries ..New System aspects (boundaries ..ÆÆ GDN !)GDN !)
Interface between detector and machine is fundamentalInterface between detector and machine is fundamental
ÆÆoptimize the luminosity optimize the luminosity ÆÆ consequence on the DAQconsequence on the DAQ

Burst mode allows a fully software trigger ! Burst mode allows a fully software trigger ! 
ÆÆLooks like the Ultimate Trigger: Take EVERYTHING & sort later !Looks like the Ultimate Trigger: Take EVERYTHING & sort later !

ÆÆ GREAT! A sociological  simplification!GREAT! A sociological  simplification!
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Physics Rate :
– e+ e- Æ X        0.0002/BX
– e+ e- Æ e+ e- X     0.7/BX

e+ e- pair background :
– VXD inner layer  1000 hits/BX
– TPC                     15tracks/BX

Æ Background is dominating the rates !

Rates Rates andand data volume data volume fromfrom Tesla to ILCTesla to ILC

High Level-1 Trigger
(1 MHz)

105

104

103

102

LHCb

KLOE

HERA-B

CDF/DO II

CDF
H1

ZEUS

UA1

LEP

NA49
ALICE

Event Size
(bytes)

104 105 106

ATLAS
CMS

106

107

BtevKtev

Tesla

Need a new 
estimation for ILC

ILC?
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Software Trigger concept Software Trigger concept ÆÆ No hardware trigger !No hardware trigger !

Sub-Detectors FE Read-out
Signal processing – digitization, no trigger interrupt

Sparcification,cluster finding and/or data compression
Buffering

Sub-Detectors FE Read-out
Signal processing – digitization, no trigger interrupt

Sparcification,cluster finding and/or data compression
Buffering

Data Collection is triggered by every train crossing
Full event building of one bunch train

Trigger :Software Event Selection  using partial information of a 
complete train (equivalent to L1)

Select ‘Bunch Of Interest’
Event classification according to physics, calibration & 

machine needs

Data Collection is triggered by every train crossing
Full event building of one bunch train

Trigger :Software Event Selection  using partial information of a 
complete train (equivalent to L1)

Select ‘Bunch Of Interest’
Event classification according to physics, calibration & 

machine needs

On-site processing & monitoringOn-site processing & monitoring

S1 S2 S3 S4 Sn

1 ms

200 ms

Few sec

Data streams

Read-Out
Buffer

Network

Detector
Front End

Processor
Farm(s)

Storage

3000 Hz

30Hz1 MBytes
Average

event size

Data Flow

up to 1 ms
active pipeline

(full train) Dead
time 
free
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AdvantagesAdvantages ÆÆ allall

¾ Flexible
– fully programmable  
– unforeseen backgrounds and physics rates easily

accomodated
– Machine people can adjust the beam using background events

¾ Easy maintenance and cost effective
– Commodity products : Off The Shelf products

(Links, memory,switches, processors)
– Commonly OS and high level languages
– on-line computing ressources usable for « off-line »

¾ Scalable :
– modular system

Looks like the ‘ ultimate trigger ’
Æ satisfy everybody : no loss and fully programmable
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Tesla Architecture (TDR 2003)Tesla Architecture (TDR 2003)

VTX SIT FDT ECALFCHTPC HCAL MUON LCALLAT

799 M 1.5 M40 M300 K 40 K75 K200 K32 M20 K 20 K

20 MB 1 MB 3 MB90 MB110 MB2 MB 1 MB1 MB 1 MB 1 MB

P PPPP PPPP PPPPP P P

Computing ressources (Storage & analysis farm)

Event building
Network 10 Gbit/sec

Processor farm (one bunch train per processor)

Event
manager 
& Control

Detector Buffering (per bunch train in Mbytes/sec)

Detector Channels

(LHC CMS 500 Gb/s)

30 Mbytes/sec  Æ 300TBytes/year

Links

Select Bunch Of Interest
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ILC DAQ ILC DAQ conceptualconceptual Architecture (2005)Architecture (2005)

VFD VTX ECALFTrkTrk2 HCAL MUON

P PPPP PPPP PPPPP P P

Computing ressources (Storage & analysis farm)

Event building
Network ?? Gbit/sec

Processor farm (one bunch train per processor)

Event
manager 
& Control

Detector Buffering (per bunch train in Mbytes/sec)

Detector Subsystems Channels count for each concept :SiD,LDC,GLD

?? Mbytes/sec  Æ ?? TBytes/year

Links

Select Bunch Of Interest

Maximum data bandwidth for each concept :SiD,LDC,GLD

Trk1Machine
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About About systemssystems boundariesboundaries ……....movingmoving due to ! due to ! 
ÆÆ evolutionevolution ofof technologies,technologies,sociologysociology ……....

Subdetectors
FE Read out  
Signal processing
Local FE Buffer

Machine
Synchronization

Detector feedback
Beam BT adjustment

Data Collection (ex on-line)
Bunch Train  Buffer RO

Event Building
Control - supervisor
On line Processing

SW trigger & algorithms
Global calibration ,monitoring and physics

Local (temporary) Data logging (Disks) 

Full Integration
of Machine DAQ 

In the data 
collection system

NEW !

Global Detector Nerwork
(worlwide)

Detector Integration
Remote Control Rooms (3?)
– Running modes

Local stand alone
Test 
Global RUN 

– Remote shifts
Slow control
Detector Monitoring

PhysicsPhysics & data & data analysisanalysis
(ex On(ex On-- Off Off lineline))

–– FarmsFarms
–– GRID GRID ……

Final Data Final Data storagestorage

Read out Node
Partitionning

(physical and logical)

Read out Node
Partitionning

(physical and logical)

Uniform interface
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Possible Possible commoncommon RO architecture RO architecture modelmodel

Preampli
Shaper
Digitizer

VTX
CCD
MAPS
DEPFET
…..

TRK
Si
TPC

ECAL
Si W
Scint W

HCAL
Digital
Analog

Muon
RPC
Scint …

VFD

Sensor
technology

FPGA

Receiver
Digital Processing

MUX 
RO Buffer

Local
Data 

Management

G
D
N

Local/Global Controls & Services
Partition
Running mode (Stand alone, test, RUN) 
Synchronization & machine interface 
Databases : Calibration & Monitoring ……

Integration
To be studied!

On detector
Very Front End

Local Signal
Processing

and
buffer

Common/uniform
Interface

Front End

Commercial standardDedicated ASIC and/or  SOC*

Read Out Node/Hub

*System On Chip

Global
Detector
Network
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ILC ILC ‘‘todaytoday’’ Data Collection Network Data Collection Network modelmodel

Run Control

Monitoring
Histograms

Event Display

DCS

Databases

...

Analysis
Farm

Mass storage
Data logging

Config
Manager

z  z  z 

Local/
worldwide

Remote
(GDN)

Synchro

NO On line – Off line boundary

Local/Global Network(s)
Wordlwide!

Machine Bx
BT feedback

Local partition

Data collection
Sw triggers

Sub Detector
Read-Out

Node
FPGA

receiver Buffer

FPGA

receiver Buffer

FPGA

receiver Buffer

Proc

receiver Buffer

Data link(s) Services

Networking Hub

On/Near Detector Front EndOn/Near Detector Front End

FPGA
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Trigger & Event Analysis common strategy

Sec. Temporary
storage

•Monitoring 
•Calibration
•Alignements

• Physics monitoring
•“Gold Platted“ events
• Physics samples

Train
Processing

Database

“Garbage”
Final storage

Candidates
Storage

Calibration Constant 
Sub-Detector performance

“Analysis” farm“Analysis” farm
Sample
Prescale

Compress

Fast Analysis Stream Physics streams

200 ms

hours
days

Sec S1S1 S2S2 SnSn

Bunch Of Interest & classification

Simple signatures : 
e/g , µ,  taus ,Jet

•Detector matching

Complex signatures :
•Missing Et, scalar Et
•Invariant and transverse mass
•separation …
•vertices, primary and displaced

Selection:
•Thresholding
•Prescaling
•“Intelligent formatting “

Bunch train 
Software 
Trigger

(equivalent to an hw L1)
using fast and/or simple

information 
at the bunch level

•Machine
Infos



1515

TechnologyTechnology forecastforecast

End of traditional parallel backplane bus paradigm
– Announced every year since ~1989 
– VME-PCI still there; watch PCI Express, RapidIO, ATCA 
Commercial networking products for T/DAQ
– DAQ 94’ Conference: ATM, DS-Link, Fibre Channel, SCI
– Today: Gigabit Ethernet ( 1 Æ 10 Æ 30 GB/s)
The ideal processing / memory / IO bandwidth device
– The past: Transputers, DSPs
– Today: FPGAs Æ IntegratesIntegrates receiverreceiver links, PPC, links, PPC, DSPsDSPs andand memorymemory ……..
Point-to-point link technology
– The old style: Parallel Copper – Serial Optical
– The modern style: Serial Copper – Parallel Optics 
–– >3Gb/s today, 10Gb/s in demonstration>3Gb/s today, 10Gb/s in demonstration

Summary of the talk given by D. Summary of the talk given by D. CalvetCalvet at the IEEE Real Time  Conference ;Stockholm 4at the IEEE Real Time  Conference ;Stockholm 4--10 10 junejune 2005.2005.
““A Review of Techniques and Technologies for the Transport of DigA Review of Techniques and Technologies for the Transport of Digital Data in Physics Experimentsital Data in Physics Experiments””
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TechnologyTechnology forecastforecast ((ConCon’’tt))

ProcessorsProcessors
–– MoreMore’’s s lawlaw stillstill truetrue untiluntil 2010 !2010 !
–– ContinuousContinuous increasingincreasing of of thethe computingcomputing power power 
–– TodayToday 4GHz 4GHz clockclock ÆÆ 10 to 15 GHz in 2010 !10 to 15 GHz in 2010 !
MemoryMemory size quasi size quasi illimitedillimited !!

TodayToday : 256 MB: 256 MB
2010 : > 1 GB 2010 : > 1 GB …… thenthen ??

Modern wisdom (about technology)
– “People tend to overestimate what can be done in one year, and 

underestimate what can be done in 10 years.”
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TheThe LHC LHC exampleexample
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LHC ATLAS (LHC ATLAS (manpowermanpower notnot includedincluded))
–– TDR (1994) TDR (1994) ÆÆ 50 MSF (30 M50 MSF (30 M€€) ) ÆÆ L1,L2,L3/L1,L2,L3/filterfilter,DAQ,DAQ
–– TodayToday (2005) (2005) ÆÆ 2525--30 MSF (15 M30 MSF (15 M€€))

ILC ILC shouldshould notnot bebe biggerbigger !!
–– NotNot more more thanthan 20 M20 M€€
–– EstimateEstimate manpowermanpower ??
–– Software ? Software ? 
–– Maintenance Maintenance ……..

SomeSome ideasideas about about costcost
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WhatWhat nextnext (1) (1) ÆÆ SnowmassSnowmass ÆÆ LCWS06LCWS06
UnderstandingUnderstanding in in detailsdetails DetectorsDetectors Read out Read out schemesschemes

–– Data Collection (DAQ) Data Collection (DAQ) isis startingstarting atat thethe DetectorDetector levellevel
–– By By SubdetectorsSubdetectors technologytechnologyÆÆ IndependentlyIndependently ofof detectordetector conceptsconcepts
–– By By DetectorDetector concepts concepts SiDSiD,LDC,GLD ,LDC,GLD ÆÆ whatwhat are are thethe particularitiesparticularities??
–– Propose a Propose a commoncommon architecture ( VTX,TRK, architecture ( VTX,TRK, CALORsCALORs,Muon ,Muon ……))

Do Do notnot forgetforget thethe VeryVery ForwardForward !!
–– Influence Influence ofof technicaltechnical aspects aspects ÆÆ PowerPower cyclingcycling & & beambeam RF pickRF pick--up up ……..
Refine the Refine the s/ws/w trigger concept trigger concept ÆÆ ILC T/DAQ modelILC T/DAQ model

–– Special triggers (Special triggers (Calibration,Tests,cosmicsCalibration,Tests,cosmics ……))
–– Possible Scenarios for Bunch Of Interest fast selectionPossible Scenarios for Bunch Of Interest fast selection

Needs for hardware Needs for hardware preprocesingpreprocesing ??
Interface with machineInterface with machine

–– Common aspects : can the machine & Detector DAQ could be similarCommon aspects : can the machine & Detector DAQ could be similar??
–– Which Which infosinfos are needed?are needed?
–– Integration of Beam Train feedbackIntegration of Beam Train feedback
Define clearly the Define clearly the ‘‘boundariesboundaries’’ ÆÆ functional block diagramfunctional block diagram

–– Integration of GDN Integration of GDN ÆÆ Integrated computing model (GRID)Integrated computing model (GRID)
–– ‘‘Slow controlsSlow controls’’ and monitoringand monitoring
–– PartitionningPartitionning ……....
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WhatWhat nextnext (2) (2) ÆÆ SnowmassSnowmass ÆÆ LCWS06LCWS06
MilestoneMilestone for 2006 (CDR) for 2006 (CDR) ÆÆ BaselineBaseline ILC support documentILC support document
–– DefineDefine a a listlist ofof technicaltechnical issues issues andand challenges to challenges to bebe addressedaddressed
–– PracticingPracticing state state ofof thethe art technologies art technologies andand evaluateevaluate commercial commercial «« newnew »»

toolstools & standards (& standards (FPGAsFPGAs, ACTA,, ACTA,PCIePCIe,,wirelesswireless?,?,networkingnetworking hubshubs ……))

Toward a realistic costing model Toward a realistic costing model 
–– Global to Global to thethe 3 3 detectorsdetectors conceptsconcepts
–– Table Table ofof parametersparameters: : EstimateEstimate numbernumber ofof channelschannels, , bandwidthbandwidth ……..
–– EstimateEstimate quantityquantity ofof hardware (interfaces, hardware (interfaces, processorsprocessors, links , links …… ), software ), software 

?  ?  andand manpowermanpower ( ( isis LHC a LHC a goodgood modelmodel?)?)

BuildBuild a a wordwidewordwide ‘‘international international ‘‘long long termterm’’ strongstrong teamteam
–– Seniors Seniors withwith LEP/SLD,LEP/SLD,HeraHera/LHC//LHC/TevatronTevatron,Babar/Belle/KEK ,Babar/Belle/KEK experienceexperience
–– YoungerYounger withwith enthousiasmenthousiasm!!
–– EstablishEstablish listlist ofof detectordetector contact contact personspersons for for eacheach detectordetector/concept/concept
–– EuropEurop,,NorthNorth AmericaAmerica andand AsiaAsia ÆÆ commoncommon meetings meetings 
–– IncludeInclude long long termterm sociologysociology ÆÆ NOT NOT reinventingreinventing thethe wheelwheel!!

BuildBuild ONLY ONLY whatwhat isis neededneeded ! ! NotNot competingcompeting withwith industryindustry!....!....
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Compare ACTA* & Bus Compare ACTA* & Bus systemssystems

ATCAATCA PCI PCI 
LongLong

VME VME 
(6U)(6U)

Board Area Board Area 
cmcm22

995995 316316 373373

Power  Power  
WattsWatts

200200 10/2510/25 3030

Bandwidth Bandwidth 
I/O I/O Gb/sGb/s

2020
Full Full 

DuplexDuplex

4.34.3
66 66 MhzMhz 64 64 

bitsbits

2.42.4
VME VME 

2eSST2eSST

Front Panel Front Panel 
H*W cmH*W cm

30 * 230 * 2 8 * 1.28 * 1.2 21.5 * 221.5 * 2

Component Component 
height mmheight mm

21.3321.33 14.4814.48 13.7213.72

Power Transitional
Module

7.25U

230mm

To Backplane
Connectivity

*Advance Telecom Computing Architecture

¾Passive Back Plane
¾ - 48 Volt Power in
¾Specifications for PCIe, Infiniband, GigE using the 
same Back plane
� AMC (Advanced mezzanine Card)
� mTCA based on ATC specifications - 4 U PCB
� Interconnections for Servers
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PCI Express :PCI Express :A  New Serial Multi Gigabit Commodity Data Bus

New PCs have a new bus called PCI Express is a 
dual-simplex, point to point serial differential low 
voltage interconnects that will consolidate 
application requirements for use by multiple 
segments in the industrial world. The signaling 
rate is 2.5 Gbit per second, with 8/10 bit encoding 
to embed clock in the data stream. On the 
transmit side parallel data is shifted out serially 
and on the receive side serial data is shifted into 
registers for parallel data output. The receiver 
also recovers the embedded clock.

This bus can be used to connect module or boxes 
via twisted pair copper wires.
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TowardToward SOC (SOC (SystemSystem On Chip) On Chip) 

Photon

VALUE

VALUE

VALUE

OR

4mm4mm

5mm5mm

System on Chip : System on Chip : severalseveral functionsfunctions integratedintegrated
–– Ex : FrontEx : Front--end end chipchip for Antarfor Antarèès : pipelines 1GHz, TDC, ADCss : pipelines 1GHz, TDC, ADCs……

[E. [E. DelagnesDelagnes CEACEA--Saclay]Saclay]
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