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Missing ET reconstruction at HLT

L2: correction* for muons producing ET

EF: access to full granularity and

resolution → refine L1/L2 decision

• apply 1-sided 3σ noise suppression per cell

• take muon correction* from

EF muon measurement

• apply calibration constants to

improve resolution

*not active for selection yet

q

HLT selection of inelastic events with Inner

Detector based Minimum Bias Trigger ID Mb:

→ L1: Random Trigger on colliding bunches

→  L2-Spacepoints (3D-hits) 

at least 4 pixel clusters with enough

deposited charge & 4 SCT spacepoints in 

whole ID range* of|η| < 2.5 

→ 1 EF-track in silicon detector

switched off for this year due to low beam-

background rates

* for a readout of 3 bunch-crossings

Jet Reconstruction in the Trigger

Silicon Strip 
Detector (SCT)
6 M channels
• 4 barrel layers, 2 x 

9 end-cap disks

• stereo pairs of 

single sided sensors

• σrφ ~ 17 μm, σz ~ 

580 μm

Transition Radiation 
Tracker (TRT)
370,000 carbon fibre

drift tubes („straws“)

Inner Detector (ID)
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covers |η| < 2.5 

Jet Trigger Performance

3-Level-Trigger 

Level 1 (L1): Hardware + internal

Trigger, L1 latency 2.5 μs

Level 2 (L2): Software Trigger

reconstructs physics objects

(found by L1) and tracks

L2  latency O(10 ms)

Event Filter (EF): Software Trigger

uses more refined calibration

constances than L2

EF latency O(1 sec)

High-Level trigger (HLT) = L2+EF

MBTS

This table shows the acceptance for
inelastic interactions at √s = 7 TeV

from MC (pythia6) for ID Mb and

MBTS

Trigger ND SD DD

ID Mb 0.9981 0.645 0.760

MBTS_1 0.9993 0.700 0.841

MBTS_2 0.9985 0.652 0.784

Performance of Missing Transverse Energy Trigger

Example table of jet trigger

signatures

Inclusive jet trigger performance

Missing ET trigger play a keyrole in the physics programme, especially in 

the search for new physics such as super-symmetry. In order not to bias 

the selection for unknown signatures, the strategy is to apply inclusive 

missing ET triggers in conjuction with combined signatures, requiring a 

minimum missing ET together with an other physical objects like electron, 

muon, tau or jet.ν

EF Missing ET > 5 GeV EF Missing ET > 20 GeV EF Missing ET > 100 GeV

ATLAS uses several independent detector components for the selection of inelastic pp-interactions with

minimum bias. They are especially important at low luminosities of 1029-1031 cm-2 s-1, e.g. to measure the

charged particle multiplicities, but also to improve detector simulations of events with overlapping pp-collsions.

Minimum Bias Trigger Scintillators
 consist of 16 counters per side

 cover 2.09< |η| < 3.84

 robust and relatively simple system

 highly sensitive to beam interactions

→ was used for detector

commissioning

 L1 minimum bias trigger

 trigger configuration is flexible: 

require X hits, e.g. 1 or 2 hits in total 

(L1_MBTS_1, L1_MBTS_2)

 At L2 access to refined signal

information (time, energy depostion) 

Missing ET reconstuction at L1

• Full scan for deposited energy

Trigger Towers (TT)

• Signals from TT are digitised and

noise is subtracted

• Computation of missing ET

from Ex and Ey using look-up tables

 EF Missing ET is

well understood

Calorimeter, 200,000 channels

• Hadronic calorimeter (HAD)

• Electromagnetic calorimeter (EM)

Two detector technologies:
|η| < 3.2: LAr for precision

measurement for EM, HEC and FCal

|η| < 1.7 and 3.2 < |η| < 4.9: Iron 

Tiles for HAD barrel and extended

barrel

Calorimeter Trigger

• around 7200 Trigger Towers (TT)

• size ~ 0.1 x 0.1 in η x φ space
• cover full η-range to produce jet

or missing ET information

Jet triggers are the starting point for any jet physics analysis such as searches for the standard model or

super-symmetric higgs boson. In early physics analyses as the top-quark measurment, online jet

reconstruction allows for the selection events of high-pT jets. 

Jet Trigger at L1 – Formation of an L1-RoI

• Trigger Tower signals (see Detector box) arrive at L1, are

digitised and noise pedestral is substracted

• ET response in EM and HAD is calibrated at em. scale and

for jets respectively

• Formation of jet elements, merge signals from TT‘s

• Reconstruction of a jet, if the total transverse energy

(EM+HAD) exceeds a threshold

• RoI position is passes to the HLT

Pixel Detector, 80 M channels

• 3 barrel layers, 2 x 3 end-cap disks

• σrφ ~10 μm, σz ~ 115 μm

Jet Trigger at L2 - Refinement of the L1 result

• unpack data per cell in window in η x φ around the

L1 jet RoI position

• calculate position as energy weighted cell

positions, repeat this step a fixed number of times

• calibrate for energy deposited in EM and HAD

Jet Trigger at EF - Refinement of the L2 result

• the granularity is 4x higher than at L2

• remove towers with negative or too small energy

• run anti-kT jet finding algorithm (is an offline 

reconst. algorithm adapted for EF), calibrate jets

• remove jets with energy below threshold

Differences in data between online 

and offline reconstructed jet positions

Using MBTS, being very sensitive to

collisions, signals of other sub-detectors

were synchronised, enabling further L1 

triggers for event selection. Step-wise

the HLT was actived moving to the

deployment of physics trigger .

The ATLAS Trigger follows the concept of early rejection, processing

usually only region-of-interests „RoI‘s“ (~2% of the data in the event).

Refined processing takes place at HLT in case of an event accept.

The first task for the commissiong of the ATLAS trigger was to synchronise

the signals of each sub-detector with so called splash events, events with

single beam and collisions. Signals of beam-pick-ups (BPTX), around 170 m 

away on each side of ATLAS, were the first triggers used in ATLAS. 

BPTX signal

MBTS counter signal

MBTS counter signal

MBTS counter signal

Number of bunch crossings delayed w.r.t. the BPTX trigger

Efficiency of L1 Jet Trigger

• The trigger efficiency is tested w.r.t. 

offline reconstructed jet trigger pT, 

requiring the jet to be matched within

R = [(ηL1-ηoffline)
2 + (φL1- φoffline)

2]1/2

• event selection:cleaning steps to remove

background (beam-gas, beam-halos, 

cosmic muons) and bad quality events. 

Standard ATLAS Jet clean-up cuts

suppress

 out-of-time events using the time 

signal of the LAr and MBTS

 events with noise bursts: almost all 

the jet energy is in a few cells only

The efficiency for a L1 jet-trigger 

with a 5 GeV threshold as a function 

of the offline ηjet for jets with 

calibrated pT between 40 and 60 

GeV. The dips near |η|=1.5 are in 

the transition region between the 

barrel and end-cap calorimeters.
The efficiency as a function of the calibrated 

pT of the third jet, to have fired  L1_3J5.

Mulit-jet trigger performance√s = 7 TeV

run 153351

|ηjet|< 2.8

AntiKt-algorithm

(cone size 0.6)

ATLAS Preliminary

√s = 7 TeV

run 153351

|ηjet|< 2.8

AntiKt-algorithm

(cone size 0.6)

ATLAS PreliminaryET > 5 GeV

ET > 10 GeV

ET > 15 GeV

ET  > 5 GeV

ET > 10 GeV

ET > 15 GeV

Jet Trigger Signatures

Selection of different jet-

event topologies and

characteristics are

realised by various trigger

thesholds on number of

jets and jet energy.

Jet triggers are 3-level 

triggers. For

commissioning the HLT, 

data was collected with L1 

only.

full details can be found in [1]

see also [2]see also [3]

With a small amount of single beam data, 

the timing distribution for each scintillator

panel was adjusted to align the MBTS 

(see below) with the BPTX, thereby setting 

up proper timing for collision data.

offline rec. missing ET [GeV] offline rec. missing ET [GeV]offline rec. missing ET [GeV]


