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MDT 
Precision tracking 
|η| < 2.7 (inner layer: |η| < 2.0) 

CSC 
Precision tracking 
2.0 < |η| < 2.7 (only inner layer) 

RPC 
Triggering, second coordinate 
|η| < 1.05 

TGC 
Triggering, second coordinate 
1.05 < |η| < 2.7 (2.4 for triggering)

The detectors of the inner layer in 1.3 < |η| < 2.7  
will be replaced by New Small Wheel (NSW), 
which consists of micro-mesh gaseous detectors 
and small-strip TGCs, during the Phase 1 upgrade.
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Muon system crucial for full physics programs of ATLAS.

Example: Higgs physics 

Contributed to the Higgs observation. 

Important for precision Higgs coupling 
measurements.
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Instantaneous luminosity 
of HL-LHC: 5-7 x 1034 cm-2s-1. 

Without changes, trigger rates 
exceed the limit of the trigger 
and readout system. 

Simply increasing the threshold 
would kill the signal.

B. W. Allen, “ATLAS Trigger and Data Acquisition 
Upgrades for High Luminosity LHC”, LHCP 2016, 
https://cds.cern.ch/record/2207239

https://cds.cern.ch/record/2207239
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CERN-LHCC-2015-020; LHCC-G-166

To exploit the full potential of HL-LHC, a new trigger and readout scheme 
with increased latencies and rates is essential.

Latency Rate

Level-1 2.5 µsec 100 kHz

Latency Rate

Level-0 10 µsec 1 MHz

Level-1 60 µsec 400 kHz

Current scheme A proposed scheme for HL-LHC

Most of the electronics chain for the muon system should be replaced 
— with larger buffers and higher rate capabilities.

Hardware trigger levels shown.

Different options under discussion.
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RPC electronics diagram [CERN-LHCC-2015-020; LHCC-G-166]. 
The concept is similar for TGC.

The current RPC and TGC trigger and readout electronics is incompatible 
with the new trigger and readout scheme — for both latency and rate.

Plan to replace most 
of the electronics chain. 

 
Much “complexity” moves 
from the experimental room 
to the counting room — 

improved trigger logic, 
flexibility, easier maintenance.
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Some hit patterns which are rejected 
by the current 2/3 x 3/4 coincidence 
are accepted by the 5/7 coincidence.

Momentum resolution at the trigger 
improved by TGC tracking

Efficiency increased (a few %) 
by taking a looser coincidence

Improve TGC trigger by exploiting all hit data available in the counting room.

z

r
TGC

Hits
NSW segment 
~1 mrad resolution

TGC segment 
~3 mrad resolution

Deflection angle is obtained 
with the NSW segment 
which is available after the Phase 1 upgrade.
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7-layer	
Coin.�

aijk�
M1� M2�

M3�

M1 M2 M3

All (7) layer coincidence by 3-dimensional 

matrix aijk, where i, j, and k are the indices 
for the TGC channels on M1, M2, and M3 
planes, respectively. 

Extraction of the segment position and angle 
based on the outputs from the matrix aijk.

A proposed method based on FPGA
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Hedgehog board

CSM

Mezzanine

Does not allow the operation 
at a 400 kHz trigger rate, given 
the higher hit rate (~100 kHz/tube) 
expected for HL-LHC. 

Mezzanine cards and CSM need 
to be replaced at the Phase 2 upgrade.

ASD
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ASD
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Trigger

Data

Mezzanine

Experimental room Counting room

Mezzanine-to-CSM 
bandwidth: 80 Mbps

CSM: Chamber Service Module 

ROD: Readout Driver
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ASD
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CSMTubes
Trigger 

Readout

Experimental room Counting room

Data

Mezzanine

Mezzanine-to-CSM 
bandwidth: 320 Mbps

Aim to remove the buffer from the mezzanine cards and send all hit data 
to the counting room — possible to use MDT hits for trigger. 

Queueing in mezzanine and CSM. A recent estimate on the latency 
from the collision to the data receival in the counting room: ~2.2 µs.
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Concept: selection of the events with improved muon momentum resolution 
— not a standalone trigger but a filter for the events selected by RPC, TGC, etc.

1) Angle difference 
between the two segments

2) Position difference between a segment 
and a point extrapolated from two segments

Examples of the variables (correlated with the momentum):

~1 mrad 
resolution
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CERN-LHCC-2015-020; LHCC-G-166

A comparison of the turn-on curves: 

the current RPC+TGC trigger (black), 

MDT trigger, angle difference (red), 

MDT trigger, position difference (blue). 

MDT data increases the selectivity 

of the muon trigger.
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Key: segment reconstruction with µs-level latency. Methods under investigation.

Segment reconstruction 
based on shift registers. 
Short latency.

FPGA + microprocessor FPGA

FPGA + AM chips

O. Sasaki et al., 
2010 JINST 5 C12021

FPGA

AM chip

Segment finding 
based on AM chips. 
Segment fitting  
based on FPGA.

Collaboration with FTK group.S. Nowak et al., NIMA 824, 2016, 331-333

Segment finding with histogram entries. 

Final segment obtained by fitting.



/16Trigger Rate Reduction 14

Rate reduction by the TGC tracking trigger: ~30% in 1.3 < |η| < 2.4 

Rate reduction by a combination of the TGC tracking trigger 
and the MDT trigger based on the angle difference: ~50% in |η| < 2.4

Rate study for single muon 
trigger with 20 GeV threshold 
based on Run 1 data, 

8 TeV, 25 ns bunch spacing

CERN-LHCC-2015-020; LHCC-G-166

Further reduction expected with the MDT trigger based on the position difference
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CERN-LHCC-2015-020; LHCC-G-166

Single-muon trigger 
threshold 20 GeV

Di-muon trigger 
threshold 11 GeV

Not yet included: 
MDT trigger based on 
the position difference, 
RPC trigger with additional 
chambers in barrel inner layer
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A new trigger and readout scheme with increased latencies 
and rates is essential to exploit the full potential of HL-LHC. 

Most of the electronics chain of the muon system will be replaced; 
we aim to send all RPC/TGC/MDT hit data to the counting room. 

Improved trigger logic for RPC and TGC 

Efficiency increase by a looser TGC coincidence: a few % 

Rate reduction by TGC tracking trigger: ~30%, 1.3<|η|<2.4 

Inclusion of MDT hits in the hardware trigger 

Rate reduction by MDT trigger: ~50% or more, |η|<2.4 

Muon trigger threshold will remain at around the current level. 

Single muon trigger threshold is assumed to be 20 GeV.



Additional Slides
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Lower first-level trigger absolute efficiency for the barrel (~70%) 
— limited coverage of RPCs due to structural elements for toroid coils.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/MuonTriggerPublicResults
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Installation of additional RPCs in the barrel inner layer 
to improve the barrel muon trigger coverage (up to ~95%). 

Replacement of MDT chambers with small-tube MDT (sMDT) chambers 
for free space for RPC (for about half of the barrel-inner chambers).

sMDTs

RPCs
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Large-η tagger

2.7 < |η| < 4.0 

25 cm < R < 90 cm 

|z| ~ 680 cm

Muon identification at:

Momentum measurement 
relies on the inner tracker — 
link to inner tracker upgrade.

Suppress the muon mis-identification due to charged particles 
produced in the area around the large-η tagger. 
Could be useful for the removal of additional muons in W+W- scattering study. 
High radiation background — micro-pattern gaseous detector is a candidate. 
Proposed number of planes: 5. Proposed granularity: ~0.5 mm.
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Prototype board 
with HL-LHC concept 
— send all hit data 
to the counting room

ASIC: variable delay, 
bunch crossing ID 
— synchronisation 
with 40 MHz clock

FPGA: data collection, 
data transmission, 
control of ASICs

Data to the counting room

Data from ASD

16 Gbps

256 channels per board
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Prototype board

FPGA: TDC 0.78 ns binning, 
data transmission, 
control of ASDs

ASD (spare chips for ATLAS)

Data to CSM, 320 Mbps

Connector of fibres 
(test purpose)

Final implementation of TDC: 
ASIC or FPGA, under discussion

Data from 
hedgehog 
board

24 channels


