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Figure 2: Schematic side view of the ATLAS muon spectrometer depicting the naming and
numbering scheme; top: sector with large chambers; bottom: sector with small chambers.
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CSC

1 kHz on average within a processing time of about 200ms. A schematic overview of the upgraded
ATLAS trigger and data acquisition system is shown in Fig. 1.
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Figure 1. Schematic layout of the ATLAS trigger and data acquisition system in Run-2.

2.1. Level-1 Trigger Upgrades

Several upgrades have been introduced in the di↵erent components of the ATLAS Level-1 trigger
system for Run-2 data taking. The upgrades, both in the Level-1 trigger hardware and in the
detector readout, allowed to rise the maximum Level-1 trigger rate from 70 kHz in Run-1 to
100 kHz in Run-2.

The Level-1 Calorimeter trigger makes use of reduced granularity information from the
electromagnetic and hadronic calorimeters to search for electrons, photons, taus and jets, as
well as high total and missing transverse energy (Emiss

T ). One of the main upgrades in the Level-
1 Calorimeter trigger is the new Multi-Chip Modules (nMCM), based on field-programmable
gate array (FPGA) technology, which replace the application-specific integrated circuits (ASICs)
included in the modules used in Run-1. This new hardware allows the use of auto-correlation
filters and a new bunch-by-bunch dynamic pedestal correction, meant to suppress pile-up
e↵ects. The e↵ect of these corrections in linearising the E

miss
T trigger rates as function of the

instantaneous luminosity is illustrated in Fig. 2.
The Level-1 Muon trigger system, which consists of a barrel section and two endcap sections,

provides fast trigger signals from the muon detectors for the Level-1 trigger decision. For Run-2,
various improvements were added to the Level-1 Muon trigger. To suppress most of the fake
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Muon trigger covers 
phase space of muons 
with wide ranges of 
transverse momentum 
(pT), and pseudo-rapidity 
|η| < 2.4. 
This allows us to study  
many physics processes 
from production of Higgs 
bosons to physics 
including B-hadrons.

The ATLAS detector has two components for tracking: Muon Spectrometer with a toroid magnet 
system of 1-1.5 T and Inner Detector (ID) with a 2 T solenoid magnet [1].

Coincidence with Inner TGCs
• "Fake" L1 triggers by charged 

particles from the beam pipe.
• η range: 1.05<|η|<1.9.
• The rate reduction of ~20 % 

was achieved [2].

Coincidence with Tile-calorimeter 
• Suppress the fake triggers                                        

in 1.05<|η|<1.3. 
• The rate reduction of ~6% was 

achieved [2].

Improvements in L1 and HLT are introduced during Run 2 
to keep the trigger rate acceptable while maintaining the 
efficiency as high as possible.

Improvement of pT measurement
• CSCs are included in the fast pT 

determination algorithm of HLT. 
• Improvement of pT measurement 

in the forward region (|η|>2.0) [2].

Methods for trigger 
efficiency measurement
• "Tag & Probe" method using 

Z→µµ event.
• It requires "tag" muons in 

events.
• A bias on the measured 

efficiency due to the trigger 
itself used to record the 
events is avoided.

Performance [2]
• L1 efficiency is about 70%                       

(|η|<1.05), and 90 % (|η|>1.05) 
due to the coverage of the 
trigger chambers.

• HLT efficiency is ~100 %
• Stable at high pile-up.

• Higher luminosity in Run3 
(L=2.0×1034 cm-2s-1).

• New trigger hardware for L1:
• Higher granularity detectors, 

New Small Wheels (NSW) 
(1.3<|η|<2.7) and new RPC 
(1.0<|η|<1.3) in the inner most 
layer of Muon spectrometer.

• Coincidence with the outer 
layer of the TGCs.

• Upgrade of trigger boards and 
trigger logic.

Optimization of isolation criteria
• Use tracks within dz < 2 mm.
• Good efficiency in the high pile-

up environment.

η=1.05

η=1.3

η=1.9

η=2.4

Low-momentum charged particles from
secondary scatterings at the beam pipe 
around the end-cap toroid magnets

MDT: green and blue

Tile-Cal

ID

dz

{

Overview

Improvements during Run 2 Measurement of performance

• Making use of multi-threading 
in the HLT. Expected η distribution of the Run3 Muon Trigger [3]

P
dz<2 mm ptrackT

pµT
< 0.07

(dz < 6mm before 2018)

Muon High Level Trigger (HLT):
• Software based algorithm searching for muons in a 

region defined by L1.
• Precise tracking with Monitored Drift Tubes (MDTs), 

Cathode Strip Chambers (CSCs), and ID.
• Combination of fast and precise algorithms to 

reduce trigger rates at every step.
• The isolation criteria to reject non-prompt muons.

Level 1 (L1) muon trigger:
• Employs Thin Gap Chambers (TGCs) and 

Resistive Plate Chambers (RPCs) with fast 
response.

• Selection based on coarse pT determination. 
• Trigger logic implemented on dedicated 

hardware (FPGAs).

2 4 6 8 10 12 14 16 18 20

2

4

6

8

10

12 m

0

Large (odd numbered) sectors 

BIL

BML

BOL

EEL

EML EOL

EIL

CSC

1 2 3 4 5 6

1

2

3

4

5

6

EIL4

0

1 2 3 4 5 6

1 2 3 4 5 6

TGCs

1

2

3

4

5

1

2

3

End-cap

magnet

RPCs

y

z

1

2

Small (even numbered) sectors 

EES

EMS
EOS

RPCs

y

2 4 6 8 10 12 14 16 18 20

2

4

6

8

10

12 m

0

BIS

BMS

BOS

EIS

CSC

0

TGCs

1

2

3

4

5

1

2
End-cap

magnet

 z

1

2

3

4

5

6

1 2 3 4 5 6

1 2 3 4 5 6 BEE7 8
1 2

1 2 3 4 5 6

2

1

Figure 2: Schematic side view of the ATLAS muon spectrometer depicting the naming and
numbering scheme; top: sector with large chambers; bottom: sector with small chambers.
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