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Introduction

@ At high Luminosity (10734 cm=2 s71) :
40 MHz bunch crossing Rate; approximately 25 collisions each,
inelastic proton-proton-cross-section on the order of 10° Hz
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@ At high Luminosity (10734 cm=2 s71) :
40 MHz bunch crossing Rate; approximately 25 collisions each,
inelastic proton-proton-cross-section on the order of 10° Hz

@ Must be reduced by a factor of 107 before writing to permanent
storage (/~ 100 events / 200-400 MB of data per second)
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40 MHz bunch crossing Rate; approximately 25 collisions each,
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@ Must be reduced by a factor of 107 before writing to permanent
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e Example: decay of SM-Higgs with mass of 120 MeV/ /c? into v:
occurs only at 10713 of the interaction rate
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Introduction

@ At high Luminosity (10734 cm=2 s71) :
40 MHz bunch crossing Rate; approximately 25 collisions each,
inelastic proton-proton-cross-section on the order of 10° Hz

@ Must be reduced by a factor of 107 before writing to permanent
storage (=~ 100 events / 200-400 MB of data per second)

e Example: decay of SM-Higgs with mass of 120 MeV/ /c? into v:
occurs only at 10713 of the interaction rate

= Trigger must provide very efficient selection.
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Trigger Levels: Overview

44m
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Tile calorimeters

LAr hadronic end-cap and
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Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet
Semiconductor fracker

Transition radiation fracker
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Trigger Levels: Overview

Trigger Levels

o Level-1: Hardware-based, acts on reduced-granularity data.
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Trigger Levels

o Level-1: Hardware-based, acts on reduced-granularity data.

o Level-2: Full-granularity, analyse regions selected by Level 1.
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Trigger Levels: Overview

Trigger Levels

o Level-1: Hardware-based, acts on reduced-granularity data.
o Level-2: Full-granularity, analyse regions selected by Level 1.
o Event Filter: Decides which events from Level 2 will be recorded.

44m

25m

\ LAr hadronic end-cap and
. forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet
Semiconductor fracker

Transition radiation fracker
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Trigger Levels

Interaction rate
~1 GHz CALO MUON TRACKING
Bunch crossing
rate 40 MHz
Pipeline
'II'-REI\(I;EGLE:? mgmories

< 75(100) kHz
Derandomisers

Regions of Interest | || | | | Readout drivers
LEVEL 2 Readout buffers
TRIGGER (ROBSs)
~ 2 kHz

Event builder |

EVENT FILTER FuII-eventdbuffers
an
~ 200 Hz processor sub-farms

Data recording
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Level 1 Trigger
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Level 1 Trigger

Hardware system

@ based on dedicated electronics and pipelined memories,
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Level 1 Trigger

Hardware system

@ based on dedicated electronics and pipelined memories,

@ operates at the LHC bunch-crossing frequency of 40MHz,
@ uses only coarse-granularity information:

o from the calorimeters and
o a subset of the muon detectors.
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Level 1 Trigger

Hardware system

@ based on dedicated electronics and pipelined memories,

@ operates at the LHC bunch-crossing frequency of 40MHz,
@ uses only coarse-granularity information:

o from the calorimeters and
o a subset of the muon detectors.

Number of
Object thresholds Isolation |m | range description
MU 6 no 2.4 muon
EM 8 yes 2.5 e.m. cluster
T 8 yes 2.5 T — hadrons or single hadron
] 8 no 3.2 jet
XE 8 - 49 missing-Et
SE 4 - 4.9 total scalar E
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Level 1 Trigger
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Level 1 Trigger

@ Latency is about 2 us ,

@ mainly due to cable propagation and trigger processing time.
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Level 1 Trigger

@ Latency is about 2 us ,
@ mainly due to cable propagation and trigger processing time.

@ During processing, data from more than one bunch-crossing are held
in pipeline memories
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Level 1 Trigger

@ Latency is about 2 us ,

@ mainly due to cable propagation and trigger processing time.

@ During processing, data from more than one bunch-crossing are held
in pipeline memories

@ Maximum accept rate is limited to 75 - 100 kHz.
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Level 1 Trigger
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Level 1 Trigger

The Muon Trigger

@ based on Resistive Plate Chambers and Thin Gap Chambers
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Level 1 Trigger

The Muon Trigger

@ based on Resistive Plate Chambers and Thin Gap Chambers

@ Muon Trigger looks for coincidence of hits within different layers
within a geometric road (width depends on pr-treshold)
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Level 1 Trigger

The Muon Trigger
@ based on Resistive Plate Chambers and Thin Gap Chambers

@ Muon Trigger looks for coincidence of hits within different layers
within a geometric road (width depends on pr-treshold)

e Forwards information to the Central Trigger Processor (CTP)
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l MOT ) TeC3
RPC3 Jow Py high p,
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Level 1 Trigger

The Calorimeter Trigger
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Level 1 Trigger

The Calorimeter Trigger

@ Uses info from EM and hadronic calorimeters with reduced granularity.
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Level 1 Trigger

The Calorimeter Trigger

@ Uses info from EM and hadronic calorimeters with reduced granularity.

o data trigger towers (in which all samplings are summed) in each of
the EM and hadronic calorimeter.
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Level 1 Trigger

The Calorimeter Trigger

@ Uses info from EM and hadronic calorimeters with reduced granularity.
o data trigger towers (in which all samplings are summed) in each of
the EM and hadronic calorimeter.
@ Subsequent processing is divided into three sub-triggers,
which process information independently and in parallel on:
high-pr EM clusters, hadron /7 clusters, and high Et jets.

Annika Vauth ATLAS Trigger Overview and Performance December 17th, 2008 10 / 24



Level 1 Trigger

The Calorimeter Trigger

@ Uses info from EM and hadronic calorimeters with reduced granularity.

o data trigger towers (in which all samplings are summed) in each of
the EM and hadronic calorimeter.

@ Subsequent processing is divided into three sub-triggers,
which process information independently and in parallel on:
high-pr EM clusters, hadron /7 clusters, and high Et jets.

@ Regions containing jets and EM clusters are flagged for LVL2 analysis.

@ Calorimeter processor informs the CTP of the multiplicity of EM
clusters, hadron/7 clusters, and jet candidates.
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Level 1 Trigger

The Central Trigger Processor

o Correlates results from calorimeter trigger and muon trigger ,

@ makes the overall LVL1 trigger decision.
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Level 1 Trigger

The Central Trigger Processor

o Correlates results from calorimeter trigger and muon trigger ,

@ makes the overall LVL1 trigger decision.

Calorimeter Trigger TMuon
Processor rigger
Processor
E,=i= jet ely u
X ~ 7N, Z
>
Subtrigger
information Y:ROI” data

(Central Trigger Processor ( Region of Interest Builder

Level-2 Trigger
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Level 2 Trigger
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Level 2 Trigger

Overview

@ Software, runs on large processor farms
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Level 2 Trigger

Overview

@ Software, runs on large processor farms

@ uses full-precision information from the
inner detector and full-granularity data
from calorimeters and muon detectors:
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Level 2 Trigger

Overview

@ Software, runs on large processor farms Regions of Interest (Rol)

@ uses full-precision information from the
inner detector and full-granularity data
from calorimeters and muon detectors:

@ only inspects the geometrical regions of
the detector that the LVL1 trigger has
identifed as interesting
(" Regions of Interest” )

Areas selected by

= only 1-2% of stored data is First Level Trigger
transferred to LVL2 processors
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Level 2 Trigger

Supervisor / Rol Builder FROM FRONT-END  Yes/No LEVEL-1

@ The Rol builder receives data Bel
from LVL1, builds a record
containing list of Rols, their Rol BUILDER
type and position SRR
/ Data . Decisions
RBEITEF%%T D Preprocessing
> Rol Collection
Data Feature Extraction
Global Decision
-
Yy Yes/No
To Event Filter

Annika Vauth ATLAS Trigger Overview and Performance December 17th, 2008 13 /24



Level 2 Trigger

Supervisor / Rol Builder FROM FRONT-END  Yes/No LEVEL-1

@ The Rol builder receives data Bel
from LVL1, builds a record
containing list of Rols, their Rol BUILDER
type and position Sl Lz
@ The Supervisor assigns LVL2 A Dete request Decisions
processors and forwards the Xl || nesoout [ pprocesng
epc‘).s, also transmitts > Rol Collection
decisions to the Readout Buffer Data Feature Extraction
) P
so that data of rejected events Global Decision
i -€
is cleared. ) ———
To Event Filter
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Level 2 Trigger

Processing Farms
. Yes/No =
o Feature Extraction: data from  |FROMFRONT-END LEEt
one Rol in a single subdetector
o q Rol
is processed to give compact
description of it. e
SUPERVISOR
i Decisions
Data request
<«
R;?EF%%T Preprocessing
>|  Rol Collection
Data Feature Extraction
Global Decision
- Yes/No
_ To Event Filter
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Level 2 Trigger

Processing Farms

. - Yes/No =
o Feature Extraction: data from  |FROMFRONT-END EEVEL
one Rol in a single subdetector
. . Rol
is processed to give compact
description of it. e
o Object building: combines Rol i)
features from all relevant i bata . Decisions
subdetectors. .
READOUT [ )
BUFFER Preprocessing
> Rol Collection
Data Feature Extraction
Global Decision
- Yes/No
_/ To Event Filter
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Level 2 Trigger

Processing Farms

. Yes/No =
o Feature Extraction: data from | FROMFRONT-END el
one Rol in a single subdetector
. . Rol
is processed to give compact °
description of it. Rol BUILDER
o Object building: combines Rol SUPERVISOR
features from all relevant / bata . Decisions
subdetectors. -—
AoLE e Preprocessing
; jon: BUFFER
° Tr/ggfer Type Se./ectlon. >|  Rol Coliection
combines all objects from one Data Feature Extraction
event, compares the result to Global Decision
trigger menu” (menu of < "
physics selections)
_/ To Event Filter
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Event Filter
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Event Filter

(@) iew

@ Software, runs on large processor farms
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Event Filter

Overview

@ Software, runs on large processor farms

o After an event is accepted by the LVL2, the data for the event is
moved from the Readout Buffers to the EF processors
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Overview

@ Software, runs on large processor farms

o After an event is accepted by the LVL2, the data for the event is
moved from the Readout Buffers to the EF processors

@ latency is on the order of 1 s = run more sophisticated algorithms
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Event Filter

Overview

@ Software, runs on large processor farms

o After an event is accepted by the LVL2, the data for the event is
moved from the Readout Buffers to the EF processors

@ latency is on the order of 1 s = run more sophisticated algorithms

@ Vertex reconstruction and track fitting are performed at this level
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Event Filter

Overview

@ Software, runs on large processor farms

o After an event is accepted by the LVL2, the data for the event is
moved from the Readout Buffers to the EF processors

@ latency is on the order of 1 s = run more sophisticated algorithms
@ Vertex reconstruction and track fitting are performed at this level

@ may also perform some data preparation steps before storage, e. g.
Z€ero suppression
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Event Filter

Overview

@ Software, runs on large processor farms

o After an event is accepted by the LVL2, the data for the event is
moved from the Readout Buffers to the EF processors

@ latency is on the order of 1 s = run more sophisticated algorithms

Vertex reconstruction and track fitting are performed at this level

@ may also perform some data preparation steps before storage, e. g.
Z€ero suppression

@ performs the final event selection and data reduction before
permanent storage.
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Performance
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Performance

Requirements
v
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Performance

@ Bunch Crossing Identification:
LVL1 trigger must identify bunch crossing that gave rise to the trigger.
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Performance

@ Bunch Crossing Identification:
LVL1 trigger must identify bunch crossing that gave rise to the trigger.

@ Transverse momentum range:
for example B-physics studies require the ability to trigger on low-pt
muons with thresholds down to p1 ~ 6GeV
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Performance

@ Bunch Crossing Identification:
LVL1 trigger must identify bunch crossing that gave rise to the trigger.

@ Transverse momentum range:
for example B-physics studies require the ability to trigger on low-pt
muons with thresholds down to p1 ~ 6GeV

o Efficiency:
Ratio of the number of triggered muons to the number generated
should be high.
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Performance

@ Bunch Crossing Identification:
LVL1 trigger must identify bunch crossing that gave rise to the trigger.

@ Transverse momentum range:
for example B-physics studies require the ability to trigger on low-pt
muons with thresholds down to p1 ~ 6GeV

o Efficiency:
Ratio of the number of triggered muons to the number generated
should be high.

@ Rates:
The trigger rates must be within the limits that can be handled by

the trigger, DAQ/EF and readout systems.
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Performance
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Performance

Performance Studies
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Performance

Performance Studies

@ Performance studies based on Monte Carlo simulations.
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Performance

Performance Studies

@ Performance studies based on Monte Carlo simulations.

@ Goal is to obtains at high efficiencies at each trigger level with
sufficient background rejection.
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Performance

Performance Studies

@ Performance studies based on Monte Carlo simulations.

@ Goal is to obtains at high efficiencies at each trigger level with
sufficient background rejection.

@ Evaluate the performance of each level seperately to chose the best
trigger strategy.
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Performance

Performance Studies

@ Performance studies based on Monte Carlo simulations.

@ Goal is to obtains at high efficiencies at each trigger level with
sufficient background rejection.

@ Evaluate the performance of each level seperately to chose the best
trigger strategy.

@ Evalutate the rates that each trigger level yields.
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Performance: Trigger Menus
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Performance: Trigger Menus

Trigger Menus

Tables of signatures adressing specific physic goals (tresholds and selection
criteria at each level).
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Performance: Trigger Menus

Trigger Menus

Tables of signatures adressing specific physic goals (tresholds and selection
criteria at each level).

Notation

@ e (electron), g (photon), MU (muons), tau (tau leptons),
EM (electromagnetic), J (jets), FJ (forward jets),
XE (missing E7), TE (total scalar sum Et)

@ an "'i"’' stands for isolation,

@ multiple required objects are connected by an underscore.
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Performance: Trigger Menus

Trigger Menus

Tables of signatures adressing specific physic goals (tresholds and selection
criteria at each level).

Notation

@ e (electron), g (photon), MU (muons), tau (tau leptons),
EM (electromagnetic), J (jets), FJ (forward jets),
XE (missing E7), TE (total scalar sum Et)

@ an "'i"’' stands for isolation,
@ multiple required objects are connected by an underscore.
Example: 2el5 requires two electrons with E1 over 15 GeV;

tau25i_XE30 requires an isolated tau lepton with E7 over 25 GeV AND a
missing E1 above 30 GeV.

Annika Vauth ATLAS Trigger Overview and Performance December 17th, 2008 18 / 24



Performance: Luminosity dependance

Prescale factor
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Performance: Luminosity dependance

Prescale factor

@ Prescale Factors for early running determined from simulations

Trigger Item | EM3 | EM7 | EMI3 | EMI3l | EMI8 | EMISI | EM231 | EMI100
Prescale 60 1 1 1 1 1 1 1
Rate (Hz) 674 4900 950 480 369 143 53 1.5
Trigger Item | 2EM3 | 2EM7 | 2EM13 | 2EM131 | 2EM18 | 2EMI18I | 2EM231 | 3EM7
Prescale 1 1 1 1 1 1 1 1
Rate (Hz) 6500 534 108 8 47 2 0.6 53
Signature | tau6 | tau9l | taulll taul6l tau2s tau25I taud0
Prescale 750 300 1500 10000 20 10 1

Rate (Hz) 19 16 2 < 0.1 16.1 25 83
Signature | 2tau6 | 2tau9l | 2taul6l | tau6_taul6l | tau9l EMI3T | tau9I MU6 | tau9l XE30
Prescale 100 1 1 10 1 1 1

Rate (Hz) 19 413 05 46 100 25 160
Trigger Item | XEI5 | XE20 | XE25 | XE30 | XE40 | XES0 | XE70 | XE80

Prescale 30000 | 7000 | 1500 | 200 20 2 1 1

Rate (Hz) 23 3 4 T3 7.5 14 2] 1
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Performance: Luminosity dependance

Prescale factor

@ Prescale Factors for early running determined from simulations

@ Will be changed for higher luminosity

Trigger Item | EM3 | EM7 | EMI3 | EMI3l | EMI8 | EMISI | EM231 | EMI100
Prescale 60 1 1 1 1 1 1 1
Rate (Hz) 674 4900 950 480 369 143 53 1.5
Trigger Item | 2EM3 | 2EM7 | 2EM13 | 2EM131 | 2EM18 | 2EMI18I | 2EM231 | 3EM7
Prescale 1 1 1 1 1 1 1 1
Rate (Hz) 6500 534 108 8 47 2 0.6 53
Signature | tau6 | tau9l | taulll taul6l tau2s tau25I taud0
Prescale 750 300 1500 10000 20 10 1

Rate (Hz) 19 16 2 < 0.1 16.1 25 83
Signature | 2tau6 | 2tau9l | 2taul6l | tau6_taul6l | tau9l EMI3T | tau9I MU6 | tau9l XE30
Prescale 100 1 1 10 1 1 1

Rate (Hz) 19 413 05 46 100 25 160
Trigger Item | XEI5 | XE20 | XE25 | XE30 | XE40 | XES0 | XE70 | XE80

Prescale 30000 | 7000 | 1500 | 200 20 2 1 1

Rate (Hz) 23 3 4 T3 7.5 14 2] 1
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Performance: Luminosity dependance

Prescale factor
@ Prescale Factors for early running determined from simulations
@ Will be changed for higher luminosity
@ Can be adjusted to keep output bandwidth saturated during run.

Trigger Item | EM3 | EM7 | EMI3 | EMI3l | EMI8 | EMISI | EM231 | EMI100
Prescale 60 1 1 1 1 1 1 1
Rate (Hz) 674 4900 950 480 369 143 53 1.5
Trigger Item | 2EM3 | 2EM7 | 2EM13 | 2EM131 | 2EM18 | 2EMI18I | 2EM231 | 3EM7
Prescale 1 1 1 1 1 1 1 1
Rate (Hz) 6500 534 108 8 47 2 0.6 53
Signature | tau6 | tau9l | taulll taul6l tau2s tau25I taud0
Prescale 750 300 1500 10000 20 10 1

Rate (Hz) 19 16 2 < 0.1 16.1 25 83
Signature | 2tau6 | 2tau9l | 2taul6l | tau6_taul6l | tau9l EMI3T | tau9I MU6 | tau9l XE30
Prescale 100 1 1 10 1 1 1

Rate (Hz) 19 413 05 46 100 25 160
Trigger Item | XEI5 | XE20 | XE25 | XE30 | XE40 | XES0 | XE70 | XE80

Prescale 30000 | 7000 | 1500 | 200 20 2 1 1

Rate (Hz) 23 3 4 T3 7.5 14 2] 1
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Tau Trigger: Reconstruction

Reminder: the two different approaches
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Tau Trigger: Reconstruction

Reminder: the two different approaches

@ Track-based: tracks as initial reconstruction seed
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Tau Trigger: Reconstruction

Reminder: the two different approaches

@ Track-based: tracks as initial reconstruction seed

@ Calorimeter-based: uses calorimeter cluster as initial seed
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Tau Trigger: Reconstruction

Reminder: the two different approaches
@ Track-based: tracks as initial reconstruction seed

@ Calorimeter-based: uses calorimeter cluster as initial seed

o efficiency loss by selection both seeds
but much lower risk of selection background events
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Tau Trigger: Timing

Timing Studies

Execution time per event constrained to 40 ms (L2) / 1 s (EF).
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Tau Trigger: Timing

Timing Studies

Execution time per event constrained to 40 ms (L2) / 1 s (EF).

@ tests of individual triggers to evaluate the impact of increasing
threshold levels on the execution time.

Annika Vauth ATLAS Trigger Overview and Performance December 17th, 2008 21 /24



Tau Trigger: Timing

Timing Studies

Execution time per event constrained to 40 ms (L2) / 1 s (EF).

@ tests of individual triggers to evaluate the impact of increasing
threshold levels on the execution time.

@ timing comparison between the calorimeter-approach and
tracking-approach.

Annika Vauth ATLAS Trigger Overview and Performance December 17th, 2008 21 /24



Tau Trigger: Timing

Timing Studies

Execution time per event constrained to 40 ms (L2) / 1 s (EF).

@ tests of individual triggers to evaluate the impact of increasing
threshold levels on the execution time.

@ timing comparison between the calorimeter-approach and

tracking-approach.

Threshold Signature
Algorithm taulOi | taulbi | tau20i | tau2bi | tau3bi
L2 Calo 8.1 8.0 8.0 8.1 8.1
L2 Tracking 15.4 155 15.0 14.9 14.7
L2 Combined 1.9 1.9 2.0 2.0 22
| L2TotalTime | 416 | 359 | 197 | 141 | 79 |
EF Calo 12.3 12.5 134 13.0 14.0
EF Tracking 289.7 297.7 269.5 268.4 247.8
EF Combined 71.0 76.9 80.7 77.8 78.9
| EF TotalTime [ 149.1 133.6 67.5 51.2 24.6
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Tau Trigger: Efficiency

Efficiency
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Tau Trigger: for various physics signals

Trigger Item Wiy Zir bid A-(800) SU3 Heoinxy Hee—nhx

taul0 82.6+03 91.9+0.2 93.6+£04 97.1+£0.1 943+£03 938+02 969+0.1
taulOi 78.7+04 898402 91.1+04 96.4+02 92.0+04 92103 958+0.1
taulb 78.2+04 88703 91.9+04 96.5+0.1 924+04 91.6+£03 954+0.1
taulbi 74.1+04 86.0+£03 89.1+0.5 96.1+0.2 90.4+04 90.0+£03 94.1+0.1
tau20i 68.5+0.5 799+03 832+06 89.8+02 825+05 85.0+04 898+02
tau25i 66.5+0.6 76.0+04 80.1+0.7 89.0+0.3 79.7+0.6 82.0+04 87.1£0.2
tau3si 65.8+0.9 70.0+0.6 774+09 875+03 769+07 782+05 82.0+02
tauds 82.7+1.3 787+08 88.0+09 949+02 89.6+0.6 862405 88.5+0.2
tauds5i 72115 685+09 76.0+12 86.1+03 75.1+£09 758+07 785+03
tau60 775+26 744+15 74717 914+02 782+1.1 76.1+09 77.5+04
taul00 83.9+6.6 782+41 802+35 90.0+03 817+19 79.1+16 80.7+0.7
2tau25i 0.0+0.0 472+15 60.0+£11.0 62.6+1.2 62.6+27 61.5+67 593+06
2tau3si 0.0+£0.0 43.1+£3.1 57.1+187 60.6+1.3 62.0+38 350.0+9.1 556+09

tauibi xe20 56.3+£0.6 484+08 80.1£0.7 927+02 895+04 80.8+05 80.2+03
tan20i xe30 454+£09 386+12 70.1£09 845+03 814+06 739+06 732104
tan25i xe30 44210 380+£13 675£1.0 838+03 787x0.6 71407 71.1£04
tau35ixe20 55112 420+£12 687x1.1 845+03 76307 70.8+07 69.5+04
tau3d5i xe30 47715 385+£17 633112 823+03 762+0.7 692408 66.9+04
tau35i xed0 42.1+£25 392+24 58014 80804 756+08 683+1.0 653+0.5
taud5 xed0 54736 483+£30 674+£1.6 87603 882+07 765+1.0 71.0£0.6
tau45i xe20 60.1+£2.1 438+17 67314 832+03 74709 69.0£09 66704
tau20i el0  0.0£0.0 68.1£12 737+£29 79.6+08 77.1£17 732+£08 00400

tau20imué  0.0+0.0 720+£09 814+24 80307 83313 794+07 00+00

tan20i_j70 708+t 14 788+07 81607 894+02 827+0.6 65607 72.6+03
taun20i 3j23 61.1+£2.1 802+£08 820£0.7 89.9+£02 832+0.6 83707 80.7+0.3
tau20i 4j23 582+4.1 827+16 805+£09 903+03 845+06 869+17 839+07
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o Event rate must be reduced by a factor of 107 before writing to
permanent storage.
= Triggering is important!
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o Event rate must be reduced by a factor of 107 before writing to
permanent storage.
= Triggering is important!

o Trigger structured into three levels
(Level 1, Level 2, Event filter)

o Performance studies undertaken for tau, muon, electrons and
photons, jets, ...

@ Latest Monte Carlo simulations show good trigger performance.
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