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Trigger & DAQ issues for ILC
( From event selection to Physics

at the future International Linear Collider)
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- past �� LEP (OPAL),SSC (SDC)

- present (2006) ��Tevatron (CDF,D0)

- tomorrow (2007) �� LHC (ATLAS,CMS)

- future (> 2015) �� ILC �� GLD,,LDC,SiD …

Goals of this presentation

Brief overview of the T/DAQ issues and
directions for the future illustrated by
few typical examples
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ConstraintsConstraints �� aa multiparametersmultiparameters problemproblem

Bunch Spacing

Bunch Train
Length

Sustained Duty
Cycle

Cost

Trigger Complexity
• What is required to make

the decision?
• Simple Jet Finding
• Complex Track Finding
• Inter-detector Correlations

Implementation
• Multi Level
• Low level feature extraction

• ASIC, PLA, etc.
• Farms

• PC Platforms
• Transfer Technology
• ATM, Gigabit, etc.

• Technology/Capability Trade
off.

Upgradability

Detector Environment
• Pileup
• Multiple Interactions
• Beam-gas Interactions

Accelerator

Physics

Output
• Accept Rate
• Archive Ability
• Reconstruction Capability

Trigger Requirements
• Rejection
• % Deadtime
• Input/Output Rate

Offline
Cost

Trigger and

DAQ go hand

in hand

DAQ

Moore’s Law

for Triggers
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Evolution of basicEvolution of basic parametersparameters
SociologyExp.

UA’s

LEP

3 �sec

10-20
�sec

-

250 - 500K

-

-

-

10
Mbit/sec

5-10 MIPS

100 MIPS

150-200

300-500

Collision
rate

Channel
count

L1A
rate

Event
building

Processing.
Power

1980

1989

Year

LHC

ILC

25 ns

330 ns

200 M*

900 M*

100 KHz

3 KHz

20-500
Gbit/s

10 Gbit/s

>106 MIPS

~106 MIPS
?

2007

2020 ?

BaBar

Tevatron

4 ns

396 ns

150K

~ 800 K

2 KHz

10 - 50
KHz

400 Mbit/s

4-10
Gbit/sec

1000 MIPS

5.104 MIPS

400

500

1999

2002

2500

> 3000 ?

* 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

30 M
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Rates andand datadata volume

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

Btev
Ktev

Tesla

Need a new

estimation for ILC

ILC?

Physics Rate :
– e+ e- � X     0.0002/BX

– e+ e- � e+ e- X     0.7/BX

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

– TPC                     15 tracks/BX

�� Background is dominating the rates !

TESLA numbers
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LHC Multilevels Selection scheme

10 10 101010 10

10

10

10

10

10

10

- 2

0

2

4

6

8

- 8 - 6 - 4 - 2 0 2

Hardwired  processors 
 (ASIC , FPGA)

Standard CPUs farms
& Networks

Level 1

Level 2

Level 3

# / sec

QCD

W,Z

Top

Higgs

Z’

25ns few �sec ~ms > Sec

Recorded
Events

H

L

T

Production Rate
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Present evolutionPresent evolution ((TevatronTevatron,LHC,LHC ……))

� Higher level trigger decisions are migrating to the lower
levels �� Software Migration is following functional
migration
� Correlations that used to be done at Level 2 or Level 3 in are

now done at Level 1.
� More complex trigger (impact parameter!) decisions at earlier

times (HLT) � Less bandwith out of detector?

� Boundaries
� L2 and L3 are merging into High Levels Triggers
� DAQ and trigger data flow are merging
� On-line and off-line boundaries are flexible

� Recent Developments in Electronics
� Line between software and hardware is blurring
� Complex Algorithms in hardware (FPGAs)
� Possible to have logic designs change after board layout
� Fully commercial components for high levels.

Hardware
Triggers

Software
Triggers

C
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The TevatronThe Tevatron (CDF) L2(CDF) L2 lessonlesson ……....

Alpha = Alpha = many years many years of efforts of efforts …….hardware.hardware andand softwaresoftware
PC (Commercial): few PC (Commercial): few monthsmonths toto implementimplement! No ! No hrdwarehrdware !!
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On-OffOn-Off lineline boundariesboundaries

�� DetectorsDetectors areare becomingbecoming more stable more stable and less faultyand less faulty
�� High efficiencyHigh efficiency,, Low failure Low failure raterate

�� PowerfullPowerfull ““on-lineon-line”” diagnosticsdiagnostics and error recovery and error recovery (expert(expert systemssystems))

�� On-lineOn-line computing is increasing and computing is increasing and notnot doing onlydoing only
““data collectiondata collection””: More : More complex analysis is moving complex analysis is moving on-on-
lineline

»» ““Off-lineOff-line”” typetype algorithms early algorithms early inin the selection chain the selection chain (b tag ..)(b tag ..)

»» SelectionSelection ofof ““datadata streamsstreams”” --> Important --> Important rolerole ofof thethe ““FilterFilter””

»» Precise alignment needed Precise alignment needed forfor triggeringtriggering

»» DetectorDetector calibrationcalibration using Physics processusing Physics process availableavailable

»» On-line calibration On-line calibration andand correction of datacorrection of data possiblepossible

�� CommonCommon aspectaspect ����

�� AlgorithmsAlgorithms,, Processing farmsProcessing farms,, DatabasesDatabases……
�� useuse similar hw/sw similar hw/sw components (PC components (PC farmsfarms..)..)

Boundaries become flexible
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SummarySummary of T/DAQ architectureof T/DAQ architecture evolutionevolution

TodayToday
–– TreeTree structurestructure andand partitionspartitions
–– Processing farms at very highest levelsProcessing farms at very highest levels
–– TriggerTrigger andand DAQDAQ dataflowdataflow areare mergingmerging

NearNear futurefuture
–– DataData andand control networks control networks mergedmerged
–– Processing farm already at Processing farm already at L2 (HLT)L2 (HLT)
–– MoreMore complex algorithms complex algorithms areare movingmoving onon

lineline
–– Boundaries between Boundaries between on-lineon-line and off-lineand off-line

are flexibleare flexible
–– ComodityComodity componentscomponents atat HLTHLT

L1 L1

L2

L3

HLT

Analysis
Pass1

Analysis

farm

hardware

On-line

Off-line

Analysis
Pass2

Analysis
Pass2
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ILCILC machimemachime conditionsconditions

2 x 162 x 16 km superconductingkm superconducting
LinearLinear independantindependant acceleratorsaccelerators

Max 2 interaction pointsMax 2 interaction points
���� 22 detectorsdetectors ??????

EnergyEnergy
–– nominale : 500nominale : 500 GevGev
–– maximum : 1maximum : 1 TevTev

IPIP beambeam size ~ few size ~ few μμmm
L= 2. 10 L= 2. 10 3434 cmcm-1-1ss-1-1

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

repetitian rate 5
bunches per train 2820 � x 2 ?
bunch separation 337 ns �150ns
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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Jets & leptons are the fundamental quanta at the ILC. TheyJets & leptons are the fundamental quanta at the ILC. They
must be identified & measured well enough to discriminatemust be identified & measured well enough to discriminate
between Zbetween Z’’s, Ws, W’’s, Hs, H’’s, Top, and new states.s, Top, and new states. This requiresThis requires
improving jet resolution by a factor of two.improving jet resolution by a factor of two. Not trivial!Not trivial!

Charged Particle tracking must precisely measure 500Charged Particle tracking must precisely measure 500 GeV/cGeV/c
(5 x LEP!) leptons for Higgs recoil studies.(5 x LEP!) leptons for Higgs recoil studies. …….. This requires 10This requires 10
x better momentum resolution than LEP/SLC detectors andx better momentum resolution than LEP/SLC detectors and
1/3 better on the Impact1/3 better on the Impact ParamaterParamater of SLD!of SLD!

To catch multi-jet final states (e.g. tTo catch multi-jet final states (e.g. t tbartbar H hasH has 8 jets8 jets), need), need
real 4real 4�� solid anglesolid angle coverage with full detector capability.coverage with full detector capability.
Never been done suchNever been done such hermiticityhermiticity & granularity!& granularity!

ILCILC vs LEP/SLDvs LEP/SLD

2 Jets

separation

E%60
E%30

LEP-like
resolution

ILC goal
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ILCILC vs LHCvs LHC

Less demanding …..
LC Detector doesn’t have to cope with multiple

minimum bias events per crossing,

high rate triggering for needles in haystacks,

radiation  hardness…

� hence many more technologies available, better performance is possible.

BUT �� LC Detector does have to cover full solid angle, record all the available

CM energy, measure jets and charged tracks with unparalleled precision,

measure beam energy and energy spread, differential luminosity, and

polarization, and tag all vertices,…

� hence better performance needed, more technology development needed.

Complementarity with LHC �� discovery vs precision
The ‘Particle flow’ paradigm in calorimeters !
� LC should strive to do physics with all final states.

Charged particles in jets more precisely measured in tracker
Good separation of charged and neutrals
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Summary of present thinking

The ILC environment poses new challenges & opportunities
which will need new technical advances in Data Collection
�� NOT LEP/SLD, NOT LHC !
The FEE integrates everything

�From signal processing & digitizer to the RO BUFFER …

Very large number of channels to manage (Trakers & ECal)
Interface and feedback between detector & machine is fundamental
�optimize the luminosity � consequence on the DAQ architecture

Classical boundaries are moving : Slow control, On/Off line ….
Burst mode allows a fully software trigger !
� Flexible, scalable and cost effective…

�Looks like the Ultimate Trigger: Take EVERYTHING & sort later !
�� GREAT! A sociological simplification!
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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 � TPC
W/Scint EM calor.
3 Teslas solenoid
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Software Trigger concept Trigger concept ���� 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

Data Collection is triggered by every train crossing
Trigger :Software Event Selection using partial information of a

complete train (equivalent to L1)

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

machine needs (HLT)

Monitoring & on-line processing

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

Few Hz1 MBytes

Average

event size

Data Flow

up to 1 ms

active pipeline

(full train) Dead

time

free
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ILC DAQ conceptual (generic) 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 � ?? TBytes/year

Links

Select Bunch Of Interest

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

Trk1Machine
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About systems boundaries …..moving due to !
�� evolution of technologies,sociology …...

Subdetectors
FE Read Out

Signal processing
Local FE Buffer

Machine
Synchronization

Detector feedback
Beam BT adjustment

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

Bunch Of Interest selection
SW trigger & algorithms

Event Building
Control - supervisor
On line Processing

Global calibration ,monitoring and physics
Local (temporary) Data logging (Disks)

Full Integration

of Machine DAQ 

In the data

collection system

NEW !

Global Detector Network
(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- Off line)(ex On- Off line)

–– FarmsFarms
–– GRIDGRID ……

Final DataFinal Data storagestorage

Read out Node
Partitionning

(physical and logical)

Uniform  interface
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Current view of a uniform RO architecture

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

(On / Near detector)

Commercial standardDedicated ASIC and/or  SOC*

Read Out Node/Hub

*System On Chip

Global

Detector

Network
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TowardToward SOC (System On Chip)SOC (System On Chip)

Photon

VALUE

VALUE

VALUE

OR

4mm4mm

5mm5mm

System on Chip : System on Chip : several functions integratedseveral functions integrated

–– Ex : Ex : Front-endFront-end chipchip for Antarès : pipelines 1GHz, TDC, for Antarès : pipelines 1GHz, TDC, ADCsADCs……

[E.[E. DelagnesDelagnes CEA-SaclayCEA-Saclay]]

Trigger & DAQ Issues - DESY ZeuthenTrigger & DAQ Issues - DESY Zeuthen 2222

ILCILC ‘‘todaytoday’’ Data Collection Network modelData Collection Network model

Run Control

Monitoring

Histograms

Event Display

DCS

Databases

...

Analysis

Farm

Mass storage

Data logging

Config

Manager

�� �� ��

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 End

FPGA
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Trigger & Event Analysis common strategy

Sec. Temporary
storage

•Monitoring
•Calibration
•Alignements

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

Bunch Train

Processing

(ex L1)

Database

“Garbage”
Final storage

Candidates
Storage

Calibration Constants
Sub-Detector performance

“Analysis” farm

Sample
Prescale

Compress

Fast Analysis Stream Physics streams

200 ms

hours
days

Sec S1 S2 Sn

Bunch Of Interest & classification

Simple signatures :

e/g , �, taus ,Jet

•Detector matching

Complex signatures :

• PFA

•Missing Et, scalar Et

•Invariant and transverse mass

•separation …

•vertices, primary and displaced

• Selection:

•Thresholding

•Prescaling

•“Intelligent formatting “

Bunch train

Software

Trigger

(equivalent to L1)

using fast and/or simple

information

at the bunch level

•Machine
Infos

Event Classification (HLT)
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� “Local” identification of high Pt objects �� use coarse dedicated data

- Electrons /Photons , Hadrons & Jets � Energy clusters

- Muons �Track segments

- Neutrinos � Missing Et

� Particle signature  (e/g,h,Jet, � ...) �� use final digitized data

- Refine Pt cuts � fine granularity & track reconstruction

- Combine detectors �� Converted electron ,“Punchthrough”, decays

� Global topology � multiplicity & thresholds

� Identification & classification of physics process �� trigger menu

- Partial event reconstruction � Vertices , Masses ,Missing Et....

� Physics analysis

- “Off-line” type analysis of classified events

StrategyStrategy forfor event selectionevent selection @ LHC@ LHC

L3

40 MHz

100 KHz

100 Hz

1 KHz

L1

3L3

L2
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Technology forecast

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’ Conferences: ATM, DS-Link, Fibre Channel, SCI
– Today: Gigabit Ethernet ( 1 � 10 � 30 GB/s)

The ideal processing / memory / IO bandwidth device
– The past: Transputers, DSP’s, RISC processors
– Today: FPGA’s � Integrates receiver Integrates receiver links, PPC, links, PPC, DSPDSP’’s and memory s and memory ……..

Summary of the talk given by D.Summary of the talk given by D. CalvetCalvet at the IEEE Real Time Conference ;Stockholm 4-10at the IEEE Real Time Conference ;Stockholm 4-10 junejune 2005.2005.

““A Review of Techniques and Technologies for the Transport of Digital Data in Physics ExperimentsA Review of Techniques and Technologies for the Transport of Digital Data in Physics Experiments””
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Technology forecast (Con’t)

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

ProcessorsProcessors �� MooreMoore’’ss law still true untillaw still true until 20102010 ……..atat least !least !

–– Continuous increasing Continuous increasing ofof the computing the computing powerpower

–– TodayToday 4GHz4GHz clockclock �� 10 to 15 10 to 15 GHzGHz in 2010 !in 2010 !

MemoryMemory sizesize �� quasiquasi 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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The LHC example
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Current WorkingCurrent Working program (1)(1) ���� LCWS06LCWS06

Understanding in details Detectors Read Out schemes
– Establish a stable network of contacts at the Detector level
– By Subdetectors technologies� Independently of detector concepts
– By Detector concepts SiD,LDC,GLD � what are the particularities?
– Propose a uniform architecture ( VTX,TRK, CALORs,Muon …)

Do not forget the Very Forward !
– Influence of technical aspects � Power cycling & beam RF pick-up ….

Refine the s/w trigger concept �� ILC T/DAQ model
– Special triggers (Calibration,Tests, Cosmics …)
– Possible Scenarios for Bunch Of Interest fast selection

Needs for hardware PREprocessing ?

Interface with machine
– Common aspects : can the machine & Detector DAQ should be similar?
– Which infos and are needed?
– Integration of Bunch Train feedback
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CurentCurent workingworking program (2)(2)

Define clearly the Define clearly the ‘‘boundariesboundaries’’ ���� functional block diagramfunctional block diagram
–– Integration of GDNIntegration of GDN �� Integrated computing model (watch GRID!)Integrated computing model (watch GRID!)
–– ‘‘Slow controlscontrols’’ , monitoring , calibrations, monitoring , calibrations …………....
–– PartitionningPartitionning ……....

Milestones for 2006 (CDR) �� Baseline ILC support document
–– DefineDefine aa listlist ofof technicaltechnical issuesissues andand challenges tochallenges to be addressedbe addressed
–– InvestigateInvestigate commercial «commercial «��newnew�»�» toolstools & standards (& standards (FPGAsFPGAs, ACTA,, ACTA,

PCIexpressPCIexpress ,,wirelesswireless?? ……))

Toward a realistic costing model
–– Global toGlobal to thethe 33 detectorsdetectors conceptsconcepts
–– Table ofTable of parametersparameters:: estimate numberestimate number ofof channelschannels,, bandwidthbandwidth ……..
–– Estimate quantityEstimate quantity of hardware (interfaces,of hardware (interfaces, processorsprocessors, links, links …… ),),

software ?software ? and manpowerand manpower (( isis LHC aLHC a goodgood model ? --model ? --�»�» 20 M20 M Euros Euros))
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Current working programCurrent working program (3)(3) ���� LCWS06LCWS06

Build a wordwide ‘long term’ strong & stable team
– Seniors with experience coming from

LEP/SLD,Hera/LHC/Tevatron,Babar/Belle/KEK experiments …..
– Younger physicists and engineers with enthousiasm!
– Establish list of contact persons for each detector/concept/machine…..
– Include long term sociology � NOT reinventing the wheel!

Build ONLY what is needed ! Not competing with industry! ....
Do not follow the LHC exemples !

Define a realistic ˙PILOT PROJECT ˙ for 2006 -2008
–– PracticingPracticing state ofstate of thethe art technologiesart technologies
– Common to all the concepts and detectors R&D
– Learning and educating process….. worldwide

Investigate the NEXT standard
� After CAMAC, Fastbus,VME �  PCI express + ATCA
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ATCA in one pageATCA in one page
(Advanced Telecommunications Computing Architecture)

Courtesy of R.Larsen (SLAC), R.Downing (FNAL), S.Dahwan (Yale), B.Martin (CERN)

Coming from Telecom industry
– System throughput to 2 Tb/s

– System Availability 99.999% (~5 min/yr)

– Sponsored by the PIC Industrial Computer Manufacturers Group (PICMG)

Basics elements and features
– Crate & subrack (Shelf) : Backplane, Shelf Manager,Air Cooling,Power, Entry

Modules
“Shelf Manager” manages all module, crate, system utilities

– Module /Board (Blade) 14 to 16 units 8U .!,2 inch x 280 mm - 200W,
vertical/horizontal

– Backplane : redundant dual star and full mesh (point to point)
Multiprotocols : Ethernet,Fiber channel, PCI express, Infiniband, rapidIO ….
Synchronization and Clock Interfaces buses (6)

– Rear Transition Module for user up 20 W
– Carrier (Daughter Card, Plug-in Module, Advanced Mezzanine Card)
– Software (Linux based)

ITER, AGATA
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Basic components PILOT PROJECTBasic components PILOT PROJECT

D

E

T

E

C

T

O

R

Pixel

SiLC

TPC

Calice

EUDET ….

Machine elements …

Uniform

Read Out

Mezannine

F

E

E

Advance

Mezzanine

Card

(PCI express)

Links

Rear

Front
G

D

N

Global

Detector

Network

Trigger & DAQ Issues - DESY ZeuthenTrigger & DAQ Issues - DESY Zeuthen 3636

ConclusionsConclusions

A lot ofA lot of exciting thingsexciting things toto investigateinvestigate
–– From physicsFrom physics

Algorithms and selection strategyAlgorithms and selection strategy

–– To state ofTo state of thethe artart NEWNEW technologies technologies

–– Plus anPlus an interesting sociological environmentinteresting sociological environment

Thanks a lot for your attention

and your invitation !


