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Zegar wiązki 
 
Gdy mówimy o elektronice odczytowej detektora i o układach 
wyzwalania zbierania danych kluczowe znaczenia ma czas. 
 
Tym co narzuca wymagania dotyczące szybkości odczytu i zbierania 
danych jest częstość rejestrowanych zderzeń cząstek.  
 
Częstość przecięć - "zegar" wiązki, wynika z konstrukcji maszyny. 
 
Częstość zdarzeń zależy także od świetlności i przekroju czynnego. 
 
W eksperymentach przed LHC częstość zdarzeń << częstość przecięć. 
 
Ale w każdym przecięciu może potencjalnie nastąpić zderzenie - 
musimy być na to przygotowani, elektronika i układ wyzwalania musi 
działać z zegarem wiązki...



RF buckets and bunches            400 MHz@LHC
The particles are trapped in the RF voltage:The particles 

ll  b k 
RF Voltage

The particles are trapped in the RF voltage
this gives the bunch structure

oscillate back 
and forth in 
time/energy

time2.5 ns

ΔE LHC bunch spacing = 25 ns = 10 buckets ⇔ 7.5 m

RF bucket

time

450 GeV 7 TeV
2.5 ns

18

RMS bunch length        11.2 cm   7.6 cm
RMS energy spread      0.031% 0.011%

450 GeV 7 TeV



Bunch pattern details
The nominal LHC pattern consists of 39 groups of 72 bunches (spaced by 25 ns), with 

bl   b  h    d  h    f h  f   variable spacing between the groups to accommodate the rise times of the fast injection 
and extraction magnets (‘kickers’).
There is a long 3 μs hole (τ5)for the LHC dump kicker (see later).
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72 bunches
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τ2
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Design 1992 1993 1994 1995 1996
Number of p bunches 210 10 90 170 180 180
Number of e bunches 210 12 94 168 189 189
Number of colliding bunches 210 10 84 153 174 174
p momentum p0 GeV / c 820 820 820 820 820 820

p current I
0

mA 163 2 54 73 80

e momentum p0 GeV / c 30 26.67 26.67 27.52 27.52 27.52

e current I
0

mA 58 3.4 36 37 40

Specific luminosity

sp
-2 -2 -1mA cm s1029 3.33 4.0 5.0 6.0

Luminosity 1031cm  s-2 -1 1.5 0.4 0.7 0.8

Delivered integrated

luminosity dt∫ pbarn-1 (50) 0.06 1.1 6.2 12.3 15

Long. polarization P0 % 65 70 70

Table 3: Development of the main machine parameters since the first data taking in 1992.

on-line evaluation of the photon and electron counting
rates. ZEUS uses only the photon rate for the luminosity
measurement while H1 measures the coincidence rate of
the bremsstrahlung photons and the decelerated elec-
trons. The slope of the electron beam in the interaction
point must be well adjusted in both planes for the pho-
tons to hit the photon detector. The acceptance of the
electron detector depends on the beam position and on
its slope, especially in the horizontal plane. With an op-
timal adjustment both monitors have measured the same
luminosity. It is extremely difficult during luminosity
operation to adjust the conditions for the coincidence
measurement and to keep them constant over long peri-
ods of time.
Up to July 1994 data have been taken with electrons.
Afterwards, due to an electron beam lifetime problem,
luminosity operation was continued with positrons. The
break in the slope of the 1994 curve in Figure 2 indicates
the change from electrons to positrons. The slope of the
integrated luminosity curve is much higher with posi-
trons than with electrons. This is explained by the differ-
ence in the beam lifetimes. In Table 3 the development
of the main machine parameters are listed. The delivered
luminosity has been steadily increasing. The main fac-
tors are improved technical reliability of the machine
and the increase in the number of bunches. In Figure 2
one can recognize that the time periods with continuous
luminosity operation have become longer every year.
Nevertheless a large potential for increasing the inte-
grated luminosity up to the design value is in further
improvements in the technical stability of the machine in
addition to increasing the beam currents. In the last year
HERA was running in luminosity operation one third of
the time scheduled for electron-proton collisions. This
time can be doubled and is limited by the magnet cycle,
beam filling and energy ramping times. Figure 3 shows
the distribution of the initial proton and positron currents
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Protons: < Ip > = 55.2 mA

73.2 mA

Pos itrons: < Ie > = 27.7 mA

37.4 mA

Figure 3: Proton and positron beam currents in 1995.

over the last year. One can recognize that both machines
have run reproducibly after overcoming the initial start-
up problems. At the beginning of the year the major
problems included a broken connection of a supercon-
ducting correction quadrupole, a destroyed cold quench
protection diode and a short in the windings of a normal
conducting low beta quadrupole of the proton ring. In
order to repair the cold diode one octant was warmed up
and cooled down again. This is the reason for the three
week break in June. During 1995 the proton machine
was running with an average initial current of 55 mA
distributed in 180 buckets. The maximum current was
73 mA. The limitations were given by the maximum
current of PETRA and by the transmission efficiency.
PETRA was running with an average current of 75 mA
at 40 GeV distributed in 60 buckets. The maximum
value was 100 mA . The design current of PETRA is
150 mA  in 70 bunches. 52 MHz and 208 MHz rf sys-
tems are installed in HERA. The proton bunches are
transferred into the 52 MHz buckets and are compressed
into the 208 MHz buckets during acceleration. At
820 GeV the bunch length was typically σ s =  20 cm. A
continuing problem is the population of the buckets

Filip
Pływające pole tekstowe
HERA:  electron-proton collider at DESY (1992-2007)Nie wszystkie "paczki" cząstek zderzały się z wiązką przeciwbieżną     => niesłychanie pomocne w ocenie tła wiązki !
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Selekcja przypadków 
 
W każdym eksperymencie (a zwłaszcza przy kolajderach) potrzebujemy 
jakiś narzędzi do selekcji przypadków. 
 
Każdy pomiar fizyczny/odkrycie oparte jest na starannie wybranej 
próbce danych. Wiemy dokładnie jakiego typu przypadki badamy... 
 
Ostateczna selekcja jest wielokrotnie zmieniana, optymalizowana. Aby 
nie zabierała zbyt dużo czasu trzeba wcześniej dokonać wstępnej 
selekcji, która odrzuci niepotrzebne przypadki. 
 
Można sobie wyobrazić eksperyment, który zapisuje wszystkie 
rejestrowane przypadki i cała selekcja odbywa się off-line. 
 
Jednak w wiekszości przypadków jest to niemożliwe, wstępnej selecji 
trzeba dokonać w trakcie zbierania danych: on-line.
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Selectivity: the physicsSelectivity: the physics
■ Cross sections for various 

physics processes vary 
over many orders of 
magnitude

◆ Inelastic: 109 Hz
◆ W→ l ν: 102 Hz
◆ t t production: 10 Hz
◆ Higgs (100 GeV/c2): 0.1 Hz
◆ Higgs (600 GeV/c2): 10–2 Hz

■ Selection needed: 1:1010–11

◆ Before branching fractions...

–
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Dataflow Arguments
● Tevatron: “precision” raw data ~200 kB/evt (zero 

suppressed and compressed)

– L1 input if used that: > 3 Tbps
● Need to slim and factorize for processing
● But sometimes also duplicate....

– To tape (100 Hz): ~20 MB/s

● LHC: ~1 MB/evts

– L1 input if used that: > 300 Tbps

– To tape (200 Hz): ~200 MB/s

● So, trigger is not just a physics argument



 
 

System wyzwalania 
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Basics 
● Trigger goal:

– “To select interesting events for offline analysis”...

– ... while minimizing deadtime!

● “Interesting” is a relative concept:

– Depends on physics priorities (need for compromise in 
multi-purpose experiments)

– Only interesting if event passes offline cuts!

– Includes events needed to validate analysis
● Determination of efficiencies
● Control samples
● ... (more later)
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pp cross section and min. biaspp cross section and min. bias
■ # of interactions/crossing:

◆ Interactions/s:
● Lum = 1034 cm–2s–1=107mb–1Hz
● σ(pp) = 70 mb
● Interaction Rate, R = 7x108 Hz

◆ Events/beam crossing:
● ∆t = 25 ns = 2.5x10–8 s
● Interactions/crossing=17.5

◆ Not all p bunches are full
● Approximately 4 out of 5 (only) are full
● Interactions/”active” crossing = 17.5 x 3564/2835 = 23

σ(pp)≈70 mb

Operating conditions (summary):
1)  A "good" event containing a  Higgs decay +
2)  ≈ 20 extra "bad" (minimum bias) interactions
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pp collisions at 14 pp collisions at 14 TeV TeV at 10at 103434 cmcm--22ss--11

■ 20 min bias 
events 
overlap

■ H→ZZ
Z →µµ
H→ 4 muons:
the cleanest
(“golden”)
signature

And this (not the
H though…)
repeats every 
25 ns…

Reconstructed tracks 
with pt > 25 GeV
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Trigger/DAQ requirements/challengesTrigger/DAQ requirements/challenges
■ N (channels) ~ O(107); ≈20 interactions every 25 ns

◆ need huge number of connections
◆ need information super-highway

■ Calorimeter information should correspond to tracker 
info

◆ need to synchronize detector elements to (better than) 25 ns

■ In some cases: detector signal/time of Flight > 25 ns
◆ integrate more than one bunch crossing's worth of information
◆ need to identify bunch crossing...

■ Can store data at ≈ 102 Hz
◆ need to reject most interactions

■ It's On-Line (cannot go back and recover events)
◆ need to monitor selection
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TriggeringTriggering

The trigger is a function of :

Since the detector data are not all promptly available and the 
function is highly complex, T(...) is evaluated by successive 
approximations called :

TRIGGER LEVELS 
(possibly with zero dead time)

Event data & Apparatus 
 Physics channels & Parameters  

T( ) ACCEPTED 

REJECTED

Mandate: 
"Look at (almost) all bunch crossings, select most interesting ones, collect all 
detector information and store it for off-line analysis"  
P.S.  For a reasonable amount of CHF



 
 

System wyzwalania 
 
Nie jest możliwe efektywne odrzucanie tła w jednym kroku 
 

=> wielostopniowy system selekcji 
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“Traditional” Architecture

Level 1
In: 1/x GHz

Out: O(10) kHz

Level 3
In: L2 out

Out: O(100)Hz

Level 2
In: L1 out

Out: O(1) kHz
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s Pipelined (often deadtimeless),

hardware only, coarse readout,
~few s latency

Hardware/Software mix,
L1 inputs, ~100 s latency

CPU farm, access to full event 
information,  O(1)s/event
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“Traditional” Elements
● Level 1 uses dedicated hardware, separate 

signals, per-subdetector “decision”

– ASICs and FPGAs

● Level 2 uses dedicated hardware for “data 
preparation”, then CPUs for combination and 
decision

● Level 3 uses commercial CPUs

– Difficulty is getting all of an event to a specific node, 
various approaches 

● “Concentrator(s)” -> bottleneck, single point of failure
● “Fully distributed”
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100- 300 Hz 
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Online Selection Flow in ppOnline Selection Flow in pp
■ Level-1 trigger: reduce 40 MHz to 105 Hz

◆ This step is always there
◆ Upstream: still need to get to 102 Hz; in 1 or 2 extra steps

Lvl-1

Lvl-2

Lvl-3

Front end pipelines

Readout buffers

Processor farms

Switching network

Detectors

“Traditional”: 3 physical levels

Front  end pipelines

Readout buffers

Processor farms

Switching network

Detectors

Lvl-1

HLT

CMS: 2 physical levels
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Three physical entitiesThree physical entities
■ Additional processing in LV-2: reduce network 

bandwidth requirements

10-2

100

102

104

106

108

10-8 10-6 10-4 10-2 100

25 ns - µs ms sec

QED

W,Z

Top
Z*

Higgs

Available processing time

LEVEL-1 Trigger 40 MHz  
Hardwired processors  (ASIC, FPGA) 
  MASSIVE PARALLEL  
  Pipelined Logic Systems 
 

HIGH LEVEL TRIGGERS 1kHz 
Standard processor FARMs 

10-4

Rate (Hz)

- 1 µs
- 0.1 - 1 sec

- 1  
ms

SECOND LEVEL TRIGGERS 100 
kHz SPECIALIZED processors 
(feature extraction and global logic) 

RoI

LV-1

LV-2

LV-3

µs

ms

sec

Detector Frontend

Computing services

Event 
Manager

Level-1

Level-2
Readout

Farms

Builder Network
Switch 

Switch 

10 Gb/s
103 Hz

40 MHz

102 Hz

105 Hz
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Two physical entitiesTwo physical entities

10-2

100

102

104

106

108

10-8 10-6 10-4 10-2 100

25 ns - µs ms sec

QED

W,Z

Top
Z*

Higgs

Available processing time

LEVEL-1 Trigger 40 MHz   
Hardwired processors  (ASIC, FPGA) 
  MASSIVE PARALLEL   
  Pipelined Logic Systems 
 

HIGH LEVEL TRIGGERS 100 kHz 
Standard processor FARMs 

10-4

Rate (Hz)

- 1 µs

- 0.01 - 1 sec

Detector Frontend

Computing Services

Readout 
Systems

Filter 
Systems

Event  
Manager    Builder Networks

Level 1 
Trigger

Run 
Control

LV-1

HLT

µs

ms .. s

40 MHz
105 Hz

102 Hz

1000 Gb/s

- Reduce number of building blocks
- Rely on commercial components (especially processing and 
communications)
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Trigger/DAQ parameters: summaryTrigger/DAQ parameters: summary
ATLAS

CMS

No.Levels Level-1 Event Readout Filter Out
Trigger Rate (Hz) Size (Byte) Bandw.(GB/s) MB/s (Event/s)

3 105 106 10 100 (102)
LV-2 103

2 105 106 100 100 (102)

3 LV-0 106 2x105 4 40 (2x102)
LV-1 4 104

4 Pp-Pp 500 5x107 5 1250 (102)
p-p 103 2x106 200 (102)

LHCb

ALICE



 
 

System wyzwalania 
 
Nie jest możliwe efektywne odrzucanie tła w jednym kroku 
 

=> wielostopniowy system selekcji 
 
 

Kluczowy jest Poziom-1
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Level-1 trigger 
 
Najważniejsza i najtrudniejsza część układu wyzwalania 
  * bardzo mało czasu na podjęcie decyzji 
  * możliwe tylko najprostsze operacje na danych: 
            - dodawanie 
            - mnożenie 
            - adresowanie pamięci (!) 
                    => jedyny sposób na wykonanie bardziej złożonych operacji 
                         to policzyć wcześniej wszystkie możliwości i zapisac w 
                         LUT (Look-Up Table) 
 
   * musimy wprowadzać uproszczenia  
               (ograniczenie strumienia danych => przestrzeni adresowej) 
   * musimy się pogodzić z dużymi błędami 
    
   * najważniejsza jest efektywność   (czystość zapewnimy potem)
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ZEUS Trigger Scheme

ZEUS - Eventbuilder

BAC CAL .....

BAC CAL

FLT

SLT

TLT
3rd level
Trigger

2nd level
Trigger

1st level
Trigger

SL
T

 B
uf

fe
rs

SL
T

 B
uf

fe
rs

LAN

LAN

LAN LANDAQ
Computer

Supervisor
Computer

Mass
storage

Loc 2GB

accept
reset

pi
pe

lin
es

pi
pe

lin
es

Equipm.
Comp.

Equipm.
Comp.

Data Quality Monitoring
Run Control

expert supervision

TLT ~5 Hz
rate accepted by

data transfer to main storage
facility (~0.5-1 MByte/sec.)

farm of Linux workstations
TLT

formatting
collecting subevents

Event builder

Global SLT 100 Hz
rate accepted by

local equipment computers
pipelined local SLT

Global FLT 1 kHz
rate accepted by

and local FLT
5 us pipelines

data input rate 10 MHz
ZEUS readout components

• 3 Level Trigger: FLT - fifo pipelines, SLT - DPM memory, TLT: software
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BAC Strip Towers

Tower
Wire

Strip
Tower

single chamber

pad (cathode)

wire (anode)

~0.5m

~3-5m

~1m

• Strips are constructed using neighbour pad towers

• In Barrel: Strip towers are perpendicular to wire towers

• In Endcaps: Strips are formed in semi-circles around beam-pipe

Filip
Pływające pole tekstowe
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BAC as a muon detector

• Position (HIT) readout fully installed in 1997/98

• Di-muon analysis: J/ψ, ψ′ and Bethe-Heitler
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BAC Muon Trigger Algorithm: Basic Idea

 
Detector LevelArea LevelTower Level

−Y

−X

Y

X

muon hadron
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maxS

maxW
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Σ
Σ
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b3
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layers

 

layers LTM

to
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Σ

Σ

Σ

Σ

LTM

• fast pattern recognition
in wire towers

• counting
Σ chambers and Σ layers

• LTM memory to classify events

• flexible fillings possible
for each tower

• BAC muon trigger logic on Tower, Area and Detector Level

• For “good”/quite towers: (Nlayers >= 3, Nchambers >= 3)
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The Fast Track Trigger (FTT) of H1
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A calorimeter trigger implementing a real-time jet cluster algorithm 
within 800 ns (L1 latency 2.3 μs)

Why?

Avoid summing noise: trigger on low energy electrons and jets

jet

electron

Principle of the Jet Trigger

Major achievement
Reduce trigger thresholds from 5 GeV to 1 GeV

Jet variables extracted:
Energy, topology (Ɵ, φ)

Ɵ

φ
here: 2 „jets“
found
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• Find local energy maxima: 
each tower compares its  
energy with all its neighbors
(“jet centers”)

• For each jet center:
sum immediate neighbors
(“jet energy”)

Hardware: 

BFU – Bump Finder Unit:

• 2 boards
• 32 Altera FPGAs x 500k gates
• Input 440 towers, output 116 jets
• Output rate 1.2 GB/s

• Latency 100 ns

Parallel Cluster Algorithm (Jet Finder)
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Jet Finder Algorithm within 800 ns

Jets size:
R ~0.7

• Adc Calculation Storage: digitize and sum towers - cut coherent noise

• Bump Finder Unit: cluster algorithm (find jets) within 100ns!  

• Primary Sorting Unit: sort 16 „jets“ in decreasing energy
• Secondary Sorting Unit:

leading jets are physics, „lower“ jets are noise

• Trigger Element Generator: apply topological conditions on individual
jets, using energy and location in Ɵ and φ

CTLBTS ACS SSU TEGBFU PSU
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Hardware Example: L1CTT  (D0)
● Scintillating fiber tracker, read out using VLPCs   

                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 

– VPLC signals split, “trigger path” goes to 
discriminators

– Compare hit pattern with pre-programmed track 
patterns for different pT ranges



7

Central Track Trigger (CTT)Central Track Trigger (CTT)
● Hardware trigger at level 1 (L1) running at 7.6MHz 

(132ns/decision)

● Uses hit patterns from CFT axial layers to find 
tracks in azimuthal plane with 4  different p

T
 

thresholds: 1.5, 3, 5, 10 GeV

● All probable CFT hit patterns consistent with tracks 
(track equations) are stored in FPGAs

● For triggering purposes the azimuthal plane is 
segmented into 80 4.5o-wide trigger sectors

● Provides additional information on isolation and & 
pre-shower match

● Provides outputs to multiple downstream trigger 
components:

– L1 Muon

– L1 CalTrack

– L2 silicon track trigger

Preshower
Scintillators

CFT
Fibers
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CTT Performance: Turn-On CurvesCTT Performance: Turn-On Curves

doublets
singlets

● Comparing CTT tracks with reconstructed tracks
● Sharper turn-ons with singlets
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Trigger/DAQ systems: present & futureTrigger/DAQ systems: present & future
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Beam crossings: LEP, Beam crossings: LEP, Tevatron Tevatron & LHC& LHC
■ LHC will have ~3600 bunches

◆ And same length as LEP (27 km)
◆ Distance between bunches: 27km/3600=7.5m
◆ Distance between bunches in time: 7.5m/c=25ns

3.5µs

LEP: e+e- Crossing rate 30 kHz

22µs
–

396ns

–

25ns

LHC: pp Crossing rate 40 MHz

Tevatron Run I

Tevatron Run II



 
 

 
Kluczowy Poziom-1 

 
W LHC będzie dużo trudniej niż we wcześniejszych eksperymentach: 

-  mniej czasu na podjęcie decyzji 
   nie wszystkie detektory mogą być użyte 
-  duże tło nakładających się przypadków 
   nie możemy wyzwalać na globalne parametry przypadku 
-  duże tło QCD 
    trzeba wykorzystywać żadkie sygnatury 
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PilePile--upup

-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

t (25ns units)

pu
ls

e 
sh

ap
e

■ Long detector 
response/pulse shapes:

◆ “Out-of-time” pile-up: left-over 
signals from interactions in 
previous crossings

◆ Need “bunch-crossing 
identification”

CMS ECAL

In-time 
pulse

-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

t (25ns units)

pu
ls

e 
sh

ap
e

In+Out-of-time 
pulses

super–

impose

■ “In-time” pile-up: particles from the same crossing but 
from a different pp interaction
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c = 30 cm/ns  in 25 ns, s =  7.5 m 
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Signaling and pipelining (II)Signaling and pipelining (II)

Particle Time of Fligth
Detector FrontEnd Digitizer

Data transportation to Control Room

Trigger Primitive Generation

Synchronization delay

Regional Trigger Processors
Global Trigger Processor

Level-1 signal distribution

Synchronization delay

Level-1 Accept/Reject

SPACE

TIME

Control  
Room Experiment

Light cone

~3µ

Filip
Prostokąt
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LevelLevel--1 Trigger: decision loop1 Trigger: decision loop

Front-End Digitizer

Pipeline delay 
( ≈ 3 µs)

≈ 2-3 µs 
latency 

loop

Trigger
Primitive 

Generator

Global Trigger 1

■ Synchronous     
40 MHz digital 
system

◆ Typical: 160 MHz 
internal pipeline

◆ Latencies:
● Readout + 

processing: < 
1µs

● Signal 
collection & 
distribution: ≈ 
2µs

■ At Lvl-1: process 
only calo+µ info

Local level-1 trigger
Primitive e, γ, jets, µ

Accept/Reject LV-1
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LevelLevel--1 trigger algorithms1 trigger algorithms
■ Physics facts:

◆ pp collisions produce mainly hadrons with PT~1 GeV
◆ Interesting physics (old and new) has particles (leptons and 

hadrons) with large transverse momenta:
● W→eν: M(W)=80 GeV/c2; PT(e) ~ 30-40 GeV
● H(120 GeV)→γγ: PT(γ) ~ 50-60 GeV

■ Basic requirements:
◆ Impose high thresholds on particles 

● Implies distinguishing particle types; possible for electrons, 
muons and “jets”; beyond that, need complex algorithms

◆ Typical thresholds:
● Single muon with PT>20 GeV (rate ~ 10 kHz)

– Dimuons with PT>6 (rate ~ 1 kHz)
● Single e/γ with PT>30 GeV (rate ~ 10-20 kHz)

– Dielectrons with PT>20 GeV (rate ~ 5 kHz)
● Single jet with PT>300 GeV (rate ~ 0.2-0.4 kHz)
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HCPSS08 
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HCPSS08 

Simple Algorithms 

Small amounts of data 

Complex 

Algorithms 

Huge 

amounts of 

data 

High Occupancy in high granularity tracking detectors 
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HCPSS08 

EB, EE, HB, HE map

 to 18 RCT crates 

Provide e/  and jet,

 , ET triggers 

1 trigger tower (.087  x .087 ) = 5 x 5 ECAL xtals = 1 HCAL tower 

2 HF calorimeters map on to 18 RCT crates 

Trigger towers: 

 =  = 0.087 
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Projective GeometryProjective GeometryProjective Geometry

Projective geometry is important
• ZEUS: Used complicated cable mapping and pattern 

searches to reduce fake rate

• ATLAS,  CMS: Calorimeters are built projective

• Mapping with muon system: Important for isolation
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HCPSS08 

Map non-projective x-y trigger crystal geometry 
onto projective trigger towers: 

Individual 

crystal 

5 x 5 ECAL

 xtals  1

 HCAL tower

 in detail 

+Z 

Endcap 

-Z 

Endcap 
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HCPSS08 

TCC 
(LLR) 

CCS 
(CERN) 

SRP 
(CEA 

DAPNIA) 

DCC 
(LIP) 

TCS TTC OD 

DAQ 

@100
 kHz 

L1  

Global TRIGGER 

Regional 
CaloTRIGGER 

Trigger Tower Flags
 (TTF) 

Selective Readout
 Flags (SRF) 

SLB
 (LIP) 

Trigger Concentrator Card 

Synchronisation & Link Board 

Clock & Control System 

Selective Readout Processor 

Data Concentrator Card 

Timing, Trigger & Control 

Trigger Control System 

Level 1 Trigger
 (L1A) 

From : R. Alemany LIP 
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LvlLvl--1 1 CaloCalo Trigger: e/Trigger: e/γγ algorithm (CMS)algorithm (CMS)

ET(     ) + max ET(     ) > ET
min

φ
η

ET

Electromagnetic  Hadron 

Hit

72 φ x 54 η x 2  
= 7776 towers

0.087 φ 

0.0145 η 

0.0145 η 

E-H 
Tower

Trigger Tower = 5x5 EM towers

ET(     ) / ET(     ) < HoEmax

Fine-grain: ≥1(                   ) > R ET
min

At least 1 ET(     ,    ,     ,     ) < Eiso
max

Isolated

“e/γ”
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HCPSS08 
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Missing / Total ET AlgorithmMissing / Total EMissing / Total ETT AlgorithmAlgorithm

20o

0o

40o

360o

…
…

-5 50
η

φ

ET
18 Ex

18

Ey
18

ET
2 Ex

2

Ey
2

ET
1 Ex

1

Ey
1

ET MET

Strip ET sum over all η LUT

For sums ET scale 

LSB (quantization) 

~ 1 GeV is used 

Δφ = 20o used 

instead of HCAL 

tower size: Δφ = 5o
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HCPSS08 

Total scalar ET integrates too 
much noise and is not easily 
calibrated 

• At L1 tower-by-tower ET 
calibration is not 
available 

However, jet calibration is 
available as function of 
 (ET, , ) 

Therefore, HT which is the sum 
of scalar ET of all high ET 
objects in the event is more 
useful for heavy particle 
discovery/study 

• SUSY sparticles 

• Top 
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ATLAS Calorimeter Algorithms IATLAS Calorimeter Algorithms IATLAS Calorimeter Algorithms I



IEEE NSS & MIC, Norfolk, Virginia, November 2002IEEE NSS & MIC, Norfolk, Virginia, November 2002 6363

ATLAS Calorimeter Algorithms IIATLAS Calorimeter Algorithms IIATLAS Calorimeter Algorithms II
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JetsJets
■ Jets: very useful (compositeness, extra dimensions, 

SUSY decays) but also very abundant
◆ Background to jets is jets; and QCD makes lots of them
◆ Main issue is instrumental: don’t split jets, don’t overcount

● Overlapping windows: efficient, but need additional 
“declustering” logic to remove multiple counts

ATLAS: use ROI clusters, 
defined as maximum 
found in sliding window by 
half the jet window width
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HCPSS08 

30-40 GeV for μ or e 

20 GeV each for  

250 GeV jets 

80 GeV  

• Efficiency for H  and H 4 leptons = >90% (in fiducial volume of detector) 

• Efficiency for WH and ttH production with W l  = ~85% 

• Efficiency for qqH with H  ( 1/3 prong hadronic) = ~75% 

• Efficiency for qqH with H invisible or H bb = ~40-50% 
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HCPSS08 

Calorimeter trigger Muon

 trigger 

Central Trigger

 Processor
 (CTP) 

Timing, Trigger,

 Control (TTC) 

Cluster Processor

 (e/ , /h) 

Pre-Processor

 (analogue  ET) 

Jet / Energy

-sum Processor 

Muon Barrel

 Trigger  

Muon End-cap

 Trigger 

Muon-CTP Interface

 (MUCTPI) 

Multiplicities of μ

 for 6 pT thresholds Multiplicities of e/ , /h,

 jet for 8 pT thresholds

 each; flags for ET, ET

 j, ET
miss over thresholds;

 multiplicity of fwd jets 

LVL1 Accept, clock,

 trigger-type to Front End

 systems, RODs, etc 

~7000 calorimeter trigger towers O(1M) RPC/TGC channels 

ET values (0.2 0.2) 

EM & HAD 

ET values (0.1 0.1) 

EM & HAD 

pT, ,  information on 

up to 2 μ candidates/sector 

(208 sectors in total) 
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4 technologies of muon system

32

1150

606

3588

No. of 

chambers

310002.0<|η|<2.7Precision tracking

(η and φ)

CSC 

Cathode Strip Chamber

354000|η|<2.7 (innermost 

layer : |η|< 2.0)

Precision tracking 

(η)

MDT

Monitored Drift Tube

373000|η|<1.05Triggering 

2nd coordinate

RPC

Resistive Plate Chamber

3180001.05<|η|<2.7 

(<2.4 for triggering)

Triggering 

2nd coordinate

TGC

Thin Gap Chamber

No. of 

channels

CoverageFunction

TGC

CSC

MDT
RPC
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TGC (Thin Gap Chamber)

Fast response : <25 ns

High efficiency : >98%

Radiation hard : ~0.6 C/cm

High rate capability : >1kHz/cm2

Gas mixture

CO2/n-pentane

(55/45)

High Voltage

2900 V

2D readout

- Anode wire readout in η direction

- Cathode strip readout in φ direction

1.6mm



7/25

ATLAS (A Toroidal LHC ApparatuS) muon system

TGC : 2 + 3 + 2 + 2 = 9 layers

Triggering

Endcap toroidal magnet

MDT

Barrel toroidal magnet

Toroidal magnets bend 

particles in η direction
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Level1 Endcap Muon Trigger System

Determine pT by sagitta δr and δφ
Adjustable 6 pT threshold levels : 

e.g. pT=6, 8, 10, 15, 20, 40 GeV/c

Step 1

1 or 2-station coincidence

for low pT muons

SLB (SLave Board)

Step 3

r-φ coincidence

SL (Sector Logic)

Step 2

3-station coincidence

for high pT muons

HPT (High PT board)

Expected rate at 1034 cm-2s-1

6 GeV/c threshold : 87 kHz

20 GeV/c threshold : 8.2 kHz

TGC1

TGC2

TGC3
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Level1 Endcap Muon Trigger System

Determine pT by sagitta δr and δφ
Adjustable 6 pT threshold levels : 

e.g. pT=6, 8, 10, 15, 20, 40 GeV/c

Step 1

1 or 2-station coincidence

for low pT muons

SLB (SLave Board)

Step 3

r-φ coincidence

SL (Sector Logic)

Step 2

3-station coincidence

for high pT muons

HPT (High PT board)

Expected rate at 1034 cm-2s-1

6 GeV/c threshold : 87 kHz

20 GeV/c threshold : 8.2 kHz

TGC1

TGC2

TGC3

δφ

δr



LHC już zbiera dane

ATLAS: pierwsze dane przy 7 TeV (2010)
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HCPSS08 

Reduced RE

 system 

| | < 1.6 

1.6 

ME4/1 

MB1 

MB2 

MB3 

MB4 

ME1 

ME2 ME3 

*Double  

 Layer 

*RPC 

Single  Layer 
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HCPSS08 

| | < 1.2 | | < 2.4 0.8 < | |  | | < 2.1 

| | < 1.6 in 2007 
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HCPSS08 

Memory to store patterns 

Fast logic for matching 

 FPGAs are ideal 
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System complexity

2 000 chambers of different shapes
165 000 strips – 1 bit electronic channels
~15 types of electronic boards
~2 000 pieces of electronic boards

      
      

      

0100200300400500600700800

0
200

400
600

800
100

0
120

0
Z (c

m)

R (cm)

Synchronous system, working @ 40 MHz
Most boards programmable
Most boards controlled by computers 
Kilometers of cables (electrical and optical)
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Counting roomDetector

RPC PAC Muon Trigger overview

FEB
FEB

FEB

Trigger Board

PAC

PAC

PAC

Resistive Plate Chambers
Up to 6 layers of detectors.

FEB
FEB

FEB

Control & 
diagnostic

Ghost 
Buster & 
Sorters

RMB

To the Global 
Muon Trigger

SY
NC
H. 
& 

LD
MU
X

Link BoardLink BoardLink Board

Synchronization 
Unit & LMUX

Optic Links 
90 m @ 1.6 GHz

1732 fibers

LVDS cables

To DAQ

GB

&

Sor
ter

Data 
Concentrator 

Card

1640 Link Boards
in 136 Boxes,

Steered by Control Boards

108 Trigger Boards
in 12 Trigger Crates
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PAC Tryger – zasada działania (II)

Q
L
T
Y

Q
L
T
Y

Q
L
T
Y

Q
L
T
Y

Q
L
T
Y

Wysokoenergetyczny

MION (5/6)

Mion przechodząc przez komory RPC znajdujące się w stacjach 
mionowych powoduje zapalenie pasków (stripów) komory.

PACT – znajduje koincydencje zapalonych pasków w różnych 
płaszczyznach. Układ przestrzenny zapaleń porównywany jest ze 
wzorcem umożliwiając określenie pędu mionu.

Pożądane cechy trygera:
Czystość:
np. wymaganie zapaleń pasków we wszystkich możliwych 
płaszczyznach

Maksymalna efektywność
akceptacja przypadków z brakiem zapalonych pasków;
niskoenergetyczne „nietypowe” miony często rozpoznawane jako
wysokoenergetyczne. 

Opracowano różne algorytmy dla trygera PAC (baseline, memory improved) 
oraz różne wzorce. Ich użycie uwarunkowane wymaganiami 
doświadczalnymi i parametrami komór.  

Niskoenergetyczny

MION (6/6), 
mało prawdopodobny ze względu na 
rozpraszanie wielokrotne
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HCPSS08 
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HCPSS08 
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HCPSS08 

 3 safety factor  50 kHz (expected start-up DAQ bandwidth) 
Only muon trigger has low enough threshold for B-physics (aka Bs μμ) 
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CMS Calorimeter Physics Efficiency: 2 x 1033 cm-2 s-1CMS Calorimeter Physics Efficiency: 2 x 10CMS Calorimeter Physics Efficiency: 2 x 103333 cmcm--22 ss--11

Scenario: 

5 kHz e/γ, 

5 kHz τ,jets, 

1 kHz comb, 

rest μ

No generator 
level cuts other 
than requiring 
trigger objects 
within calo. 
(η<5) or 
tracker (e,γ,τ) 
acceptance

Channel Total
Efficiency

Trigger Efficiencies by trigger type
(individual) cumulative

W→eν 70 e
(70) 70

t→eX 91 e
(82) 82

e·τ
(62) 86

τ
(55) 89

jjj
(24) 90

e·j
(54) 91

Z→ee 94 e
(93) 93

ee
(76) 94

H(115)→γγ 99 e
(99) 99

ee
(82) 99

H(150) →WW 
→eνX

87 e
(78) 78

e·τ
(43) 81

τ
(34) 83

e·j
(39) 85

j
(28) 87

H(135)→ττ→ej 84 e
(70) 70

e·τ
(46) 79

e·j
(46) 82

τ
(38) 84

j
(34) 84

Charged higgs
(200 GeV)

98 τ
(85) 85

j
(77) 96

j⋅mET
(60) 98

H(200)→ττ→ jj 81 τ
(75) 75

ττ
(50) 79

j
(24) 81

jj
(9) 81

H(500)→ττ→ jj 99 τ
(94) 94

ττ
(64) 94

j
(94) 99

 jj
(73) 99

t→jets 53 HT
(39) 39

jjjj
(26) 43

jjj
(26) 46

jj
(21) 47

j
(35) 53

mSUGRA 99 j
(99) 99

H(120) → bb 41 jjj
(12) 12

j
(27) 30

τ
(26) 41

jj
(16) 41

Invisible higgs
(120 GeV)

44 j⋅mET
(39) 39

j
(22) 41

τ
(13) 44
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Trigger Flow : ATLAS ExampleTrigger Flow : ATLAS ExampleTrigger Flow : ATLAS Example
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ATLAS Trigger Central ProcessorATLAS Trigger Central ProcessorATLAS Trigger Central Processor
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Evolution of Level-1 TriggersEvolution of LevelEvolution of Level--1 Triggers1 Triggers

Discrete Logic

D0,CDF

towers over thresholds + sums

ZEUS

sums + pattern logic for object ID

ASICs

CMS RCT -
object identification 
isolation, sorting, 
fast adders

FPGAs

Almost everywhere -
Generic processors
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Technology evolutionTechnology evolution
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