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Sommario:

• Struttura e compiti di un moderno DAQ

• Cos'e' il tempo morto di acquisizione e come minimizzarlo

• Il presente: COMPASS, LHC

• Il futuro: un DAQ senza trigger
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Data Aquisition systems

• Acquisizione dei dati provenenti dai rivelatori

• Assemblaggio dell'evento globale

• Formattamento dei dati (event header, trigger mask, etc. etc.)

• Registrazione dell'evento o trasmissione a un Central Data Recording
(CDR) tramite collegamenti ad alta velocità

• Monitoraggio online dei dati

• Filtraggio online dei dati (trigger di alto livello)
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Schema generale di un DAQ
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Selezione degli eventi: il trigger

• Ha lo scopo di selezionare gli eventi interessanti

• Il criterio di selezione può essere basato sulla molteplcità
di particlelle, la topologia dell'evento, la cinematica,
l'energia depositata nei calorimetri, etc. etc.

• Solo i dati corrispondenti agli eventi selezionati dal trig-
ger verranno trasmessi al DAQ e registrati

• Il trigger può essere suddiviso in molti livelii . . .
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Livelli di trigger

• Il trigger é un'operazione complessa:

◦ i dati dei rivelatori non sono immediatamente disponibili

◦ non c’e’ tempo per un’analisi completa dell’evento. . .

◦ . . . e neppure per raccogliere i dati da tutti i rivelatori

• Occorre lavorare per approssimazioni successive:

◦ hadware triggers
→ sono veloci

→ usano le informazioni di un sottogruppo di rivelatori

→ la logica e’ realizzata in hadware

◦ software triggers
→ sono realizzati usando programmi e processori
→ utilizzano informazioni piu’ complete dall’apparato

5



Un DAQ ``minimale''

DEAD TIME

The most important parameter controlling the design and performance of high
speed DAQ systems is dead time.  Dead time occurs whenever a given step in the
processing of the data in a DAQ takes a finite amount of time.  If a particular step
takes 100 nsec and the second event comes 50 nsec after the first there is a
problem.  In the simplest case the second event is just lost - the system is dead for
that event.  This is always enforced in electronics at the trigger level.  When the
DAQ cannot accept another event it asserts a logic level usual called "busy" which
prevents the trigger electronics from accepting another event.  When the busy is
reset DAQ can continue.

One of  the simplest DAQ systems possible is shown in Figure 1 below.  The
beam is a radioactive source and the detector a single scintillation counter
consisting of a plastic scintillator and a photo multiplier tube (PMT).   The trigger
electronics consists of a NIM discriminator which fires whenever the inverted
dynode pulse from the PMT exceeds 10 mV.  With the PMT high voltage properly
adjusted the trigger rate will be dominated by the rate at which beta particles from
the source pass through the scintillator.  There will also be a small but finite
counting rate when the source is removed due to noise in the PMT.
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The goal of this system is to measure the performance of the detector,
specifically the pulse height spectrum of the scintillator.  This is a real example in
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Il ``tempo morto'' di acquisizione

• É uno degli elementi più importanti da considerare nel
disegno di un DAQ moderno

• Si presenta ogni volta che un determinato step
nell'acquisizione richiede una quantità finita di tempo
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Ancora sul tempo morto. . .

• Eventi casuali con frequenza media µ,
DAQ con tempo morto T

• La probabilità di trovare n eventi nel tempo T e' data
da:

P (n;µ, T ) =
(µT )n

n!
e−µT

• L'efficienza del DAQ e' data dalla probabilità di non
avere NESSUN evento nel tempo T:

ε = P (0;µ, T ) = e−µT

se µ = 1/T → ε = 37%

2/3 degli eventi sono persi a causa del tempo morto!
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Minimizzare il tempo morto

• Ridurre il tempo di digitallizzazione (fast ADC)

• Introdurre un buffer di uscita (pipeline)

DEAD TIME

The most important parameter controlling the design and performance of high
speed DAQ systems is dead time.  Dead time occurs whenever a given step in the
processing of the data in a DAQ takes a finite amount of time.  If a particular step
takes 100 nsec and the second event comes 50 nsec after the first there is a
problem.  In the simplest case the second event is just lost - the system is dead for
that event.  This is always enforced in electronics at the trigger level.  When the
DAQ cannot accept another event it asserts a logic level usual called "busy" which
prevents the trigger electronics from accepting another event.  When the busy is
reset DAQ can continue.
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consisting of a plastic scintillator and a photo multiplier tube (PMT).   The trigger
electronics consists of a NIM discriminator which fires whenever the inverted
dynode pulse from the PMT exceeds 10 mV.  With the PMT high voltage properly
adjusted the trigger rate will be dominated by the rate at which beta particles from
the source pass through the scintillator.  There will also be a small but finite
counting rate when the source is removed due to noise in the PMT.
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Un esperimento moderno: COMPASSThe COMPASS Experiment H ighRateDAQ
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Fixed target experiment at the SPS at CERN
Two spectrometer stages, each equipped with
• SAT: SciFi, Silicon, GEM and Micromegas

LAT: Straw chambers, DCs and MWPC
• Particle ID: RICH
• Electromagnetic and

hadronic calorimeters
• Muon detection

Readout:
• 200k channels
• 35-40 kB per event
• 5-100 kHz trigger rate
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Il DAQ di COMPASSDAQ Architecture H ighRateDAQ

Features:
• Pipelined readout architecture
• Data transfer via optical S-Link
• Buffering of bursts (SPS duty cycle ∼ 30%)
• Network eventbuilding (Gigabit Ethernet)
• Central data recording

– CASTOR HSM, Oracle catalog
• Data rates: 0.9-18 GB/SPS-spill
→ Online filter

– Phase I: 12 eventbuilders, 4ms/evt., factor 1
2

– Phase II: filter farm, 100ms/evt., factor 1
10

Software:
• ALICE DATE for eventbuilding,

run control, event sampling, info logging
• PCI DMA driver
• Monitoring DATE + ROOT
• Run Logbook (TCL,PHP,MySQL)
• Frontend DB (MySQL)
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Computers & networkComputers and Network H ighRateDAQ
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Central Data Recording

Eventbuilder / GDCEventbuilder / GDC

Layered Gigabit Switch Stack

Run 2002/2003 figures
• 2002: 5 kHz rate (20-25k / spill)
• 2003: 10 kHz rate (∼50k / spill)

with online filter
• event size 40–50 kB

ROB Computers: 17 units
• Dual PIII 1266 MHz, 1 GB RAM
• ServerWorks Chipset
• 32-bit PCI bus for S-Link inputs
• 64-bit PCI bus for network output
Eventbuilder PCs: 12 units
• Dual Athlon MP 1900+, 1 GB RAM
• 640 GB net IDE-RAID (3Ware)
• Online filtering at 4ms/evt (10 kHz)

Gigabit Network
• 1 3COM 4900 SX(12 + 4 SX ports)

as backbone
• 3 3COM 4900 (12 TX + 4 SX ports)

as frontend switches, each with 4
upinks to backbone

• up to 36 x 1000 BaseT ports
• Balancing: 4 EVBs/FE switch

Lars Schmitt, TU München 5

Il DAQ in numeri:

• freq. di trigger:
10 kHz (∼50k/spill)

• data rate: <60 MB/s, <4.4 TB/giorno a regime

• ricostruzione: ∼300-700 ms/evt.
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Lo stato dell'arte: LHCLHC Experiments H ighRateDAQ

Alice: Heavy Ion Collisions

CMS: General Purpose

Atlas: General Purpose

LHCb: CPV in B-system

Lars Schmitt, TU München 8
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L'evento ``tipico'' in un esperimento di LHC

Higgs -> 4µµµµ

Just to show how does it look like�

+30 MinBias
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Il trigger in LHC
• Multilivello

◦ LV-1: locale, veloce, HW
◦ LV-2: locale, raffina LV-1
◦ LV-3: SW, analizza l’evento globale

◦ Fattore totale di riduzione: 1013!
(40 MHz → 100 Hz, 10 PB/s → 100 MB/s)

Global architecture schema

40 MHz

103 Hz
1 GB/s

102 Hz
100 MB/s

105 Hz
100 GB/s

102 Hz
100 MB/s

40 MHz
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Rate di datiExperiment specific issues

             Level 1 (kHz)    Event size (MB)   Storage (MB/s)

� ATLAS    100  2         100

� CMS    100  1         100

� ALICE      1 25        1500

� LHCb 1000 (L0) 0.1          20
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Il futuro: SDAQ @ PandaPANDA Experiment H ighRateDAQ

Requirements from Physics:
• Nearly 4π detector
• Efficient trigger (e,µ,K,D,Λ)
• Good PID (γ,e,µ,π,K, p)

High rate DAQ:
• Multiple physics selection during the same data taking
• Easy reconfiguration for different physics with the same detector
• Layered filtering with modular algorithms
• Event rates of up to 50 MHz
• Event sizes of up to . 10 kB

(or lower rates)

PANDA Detector:
• Central solenoid + forward dipole
• Vertex Pixels, straws, MDC
• PbW04 ECAL, DIRC, Aerogel RICH
• Pellet or wire targets

Lars Schmitt, TU München 12
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Architettura del DAQDAQ-T Architecture H ighRateDAQ

Frontend modules:
• Sampling ADC (∼ 100 MHz)
• Time from multiple samples
• Hit detection
• Clusters, energies, rings,

tracklets, ...
Network Fabric:

• Buffered links
• Configurable switch cascades

Compute nodes:
• filtering, feature extraction
• multiple FPGAs
• embedded CPU for control

Timing Distribution:
• like COMPASS TCS:

clock, time normal
• passive optical network
• very low clock jitter (<50 ps)
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Conclusioni

• Il DAQ ha assunto nei moderni esperimenti un'importanza
paragonabile ai rivelatori

• Le caratteristiche richieste in termini di rate di trigger e
flusso di dati sono ai limiti delle tecnologie moderne

• Una delle possibili direzioni per aumentare le prestazioni
dei DAQ e' il campionamento continuo dei segnali dei
rivelatori (Panda @ GSI)

• L'evoluzione e' continua:
◦ COMPASS: 10-100 kHz FLT rate, 40 MB/s su disco
◦ LHC: interazioni a 40 MHz , 100 MB/s su disco
◦ PANDA: interazioni a 50 MHz , 100-200 MB/s su disco

23


