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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, in 2019-2020.



/20Thin Gap Chamber (TGC) 3

R (wire)

Φ (strip)
Multi-wire proportional chamber 

operated in a saturated mode 

HV: 2800 V 

Gas: 55% CO2, 45% n-pentane 

Two-dimensional measurements 
by the wires and the strips 

Primary role: first-level muon trigger 
in the endcap regions 

Possible to identify 
the bunch crossing for each muon 
by a thin gas gap of 2.8 mm
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Muon system is crucial for full physics programs of ATLAS.

Example: Higgs physics 

Contributed to Higgs boson observation. 

Important for precision Higgs boson 
coupling measurements.

TGC
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SM precision studies and BSM searches with 13-14 TeV and 3000 fb-1. 

Peak instantaneous luminosity: 5-7x1034 cm-2s-1 — a lot of challenges. 

A major upgrade for ATLAS in 2024-2026: “Phase II upgrade”.
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The instantaneous luminosity 
of HL-LHC is 5-7 times 
the design value of LHC. 

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

True muon transverse momentum pT [GeV]
A

cc
ep

ta
nc

e

https://cds.cern.ch/record/2207239


/20Trigger and Readout Scheme for HL-LHC 7

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

Latency Rate

Level-1 2.5 µsec 100 kHz

Scheme for LHC

Scheme for HL-LHC

Latency Rate

Level-0 10 µsec 1 MHz

Level-1 60 µsec 400 kHz

TGC

A new scheme with larger latency and rates to exploit full potential of HL-LHC



/20Current TGC On-Detector Electronics 8

Hit signals are digitised in ASD and the timing is 
aligned in Patch Panel ASICs. 
Coincidence among layers is taken step by step  
(slave board and high-pT board) for Level-1 trigger. 
The digitised hit signals are stored in “L1B” buffer. 
They are transferred if trigger accept signal is given.

“L1B” depth and bandwidth  
incompatible with the latency  
and rates of the new scheme

Coin.

Coin.

Coin.
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All hit signals are transferred to the off-detector electronics (‘triggerless’ transfer). 
Following pages show the status for ASD, PS, and trigger and readout boards.

on-detector off-detector

PS board

PS board

Trigger and 
readout board

TGC

ASD

ASD

Other detectors 
(NSW, MDT, ..)

Trigger

Readout 
Control

Hit signals

Hit signals

Control

Control

Trigger logic, L1B, …

~1400 PS boards in the full system 

16 Gbps per board for hit signal transfer
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Specification of the current ASD chip 
SONY analog master slice (bipolar) 

Preamplifier gain of 0.8V/pC 

Comparator with LVDS outputs 

ENC ~ 7500 electrons at Cinput = 150 pF

The radiation tolerance 
of the current ASD chips 
satisfies the requirement 
for HL-LHC. 

 

No replacement is planned.

ASD chip

ASD board
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PP ASICs receive LVDS  
hit signals from ASD, 
and align the timing. 

FPGA collects the signals 
and transfers to off-detector 
(8 Gbps x 2 = 16 Gbps). 

FPGA controls threshold  
of the discriminators of ASD.
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• Concept of sending hit data, controlling the Patch-Panel (PP) ASIC and ASD threshold, and 
using universal module for all TGC chambers will remain in the final design.
- PP-ASICs need to be replaced by new ones for Phase-2 upgrade.
- Radiation tolerance FPGA need to be selected.

Optical receiver and transmitter
4 receiver and 4 transmitter
(up to 40 Gbps)

Ethernet interface
for debugging 

Connecter for copper cable
LHC clock, reset, …

For hit data transfer and control

For ASD threshold

For the timing alignment
(old) PP-ASIC
4 on mother board
4 on daughter boards
32 × 8 = 256 channels

FPGA
Xilinx Kintex-7
XC7K325TFFG900-2
Data transmitter
PP ASIC control via JTAG
DAC control via I2C

DAC
DAC7578SPW
8 channels × 2
ADC
LTC1289CCSW

The prototype has most of essential functions of the TGC PS board for HL-LHC.

Developed in 2016
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Bit error rate
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IBERT statistical eye diagram

Measure the bit error rate  
with the loop back of pseudo random 
using the IBERT tool. 
Transfer rate: 8.0 Gbps for single lane.

A large open area is obtained. 
Measured bit error rate: < 1.3 x 10-16, 
< 1 error for 5-day operation of single board
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Data

Control

Data
Threshold
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Oct. - Nov. 2016, @H8 beam line (CERN)

256 channels, 16 Gbps

Beam

on-detectoroff-detector

A full TGC readout chain with the PS board prototype is established 

and tested with charged particle beam at the H8 beam line in CERN.

See the poster of A. Mizukami, 
“Development of the New Trigger 
Processor Board for the ATLAS 
Level-1 Endcap Muon Trigger for 
Run-3”, 13 Sep. Results on next page…
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Layer	1
1

0.9

0.8

0.7

0.6

0.5

0.4

Efficiency

Beam spot

Stable data transfer with 8 Gbps x 2 
in the beam test period. 

The validity of the transferred data 
checked by evaluating the efficiency. 
Efficiency agrees with the expectation.

ASD threshold control and monitor 
also demonstrated. 

Perfect linearity for the voltage 
between setup and measurement.

 (mV)expectedVth
300− 250− 200− 150− 100− 50− 0

 (m
V)

m
ea

su
re

d
Vt

h

300−

250−

200−

150−

100−

50−

0

Threshold voltage (Wire, Opeamp)

ASD threshold setup (mV)

M
ea

su
re

d 
vo

lta
ge

 (m
V

)

Support structure  
inside gasgap



/20TGC Trigger and Readout Board 16

Trigger and Readout 
Processor 

UltraScale FPGA  
VU160/VU190 
(104 GTH/GTY’s) Control 

Z-7030

A module consists of 
8 MiniPOD RX’s 
8 MiniPOD TX’s 

Number of channels  
for each MiniPOD: 12 

TGC 
6 MiniPOD RX’s 
3 MiniPOD TX’s 

Inner detectors (NSW, …) 
1 MiniPOD RX’s 

MDT 
1 MiniPOD RX’s 
1 MiniPOD TX’s

Muon central trigger (4 RX’s)

Readout, TTC (4 RX’s/TX’s)

GbE

A large number of high-speed transceivers to receive detector signals and to control 
the on-detector electronics and sufficient logic/memory resources for trigger and readout

48 boards in the full TGC system
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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 improvementEfficiency increase (a few %)

Improve TGC trigger by exploiting all hit data available in the trigger and readout board.

z

r
TGC

Hits NSW segment 
~1 mrad resolution

TGC segment 
~4 mrad resolution

The angle of deflection in magnetic field 
will be newly implemented to improve 
the selectivity of low-momentum muons.

See also the poster of T. Saito, “Simulation of the 
ATLAS New Small Wheel Trigger System”, 13 Sep.
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A Level-0 trigger rate study 
for single muon trigger 
with 20 GeV threshold 
based on Run 1 data, 

8 TeV, 25 ns bunch spacing 

Reduction of the trigger rate 
with respect to luminosity 
by the TGC electronics upgrade 
(deflection angle method): 
~25% in 1.3 < |η| < 2.4

Before TGC electronics upgrade

After TGC electronics upgrade

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



/20A Proposed Trigger Menu 19

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

Single-muon trigger 
threshold 20 GeV

Di-muon trigger 
threshold 11 GeV

Aim to set the muon trigger 
thresholds to the levels 
similar to LHC Run 1
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ATLAS TGC electronics will be upgraded in 2024-2026 toward HL-LHC. 

The radiation tolerance of the current ASD chips had been verified, 
and no replacements of the ASD boards are planned. 

Other on-detector boards will be replaced to extend trigger latency and rate. 
New boards will transfer all hit signals to off-detector (‘triggerless’ transfer). 

First prototype board was developed, and the data transfer 
with 8 Gbps x 2 = 16 Gbps per board has been demonstrated. 

Off-detector boards will be replaced. Study of an improved trigger is ongoing. 

Efficiency increase by a looser TGC coincidence: a few % 

Rate reduction in 1.3 < |η| < 2.4 by a new trigger logic: ~25% 

Muon trigger thresholds will remain at around Run 1 level (single µ: 20 GeV).



Additional Slides
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/MuonTriggerPublicResults
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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


