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General Picture: Muon Upgrades 
Â ATLAS has the worldôs biggest muon spectrometer and can 

measure muon pT with a resolution of 10% at 1 TeV

Â Upgrades to the muon spectrometer are required to handle 

increased rates and fakes associated with HL-LHC 

luminositiesͯ ╬□ ▼

Ç Phase-1 Upgrade (2019~2020): New Small Wheel

Ç Phase-2 Upgrade (2024 ~ 2026): Replace Tracking and Trigger Readout 
Electronics
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Small Wheel
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CSC: Cathode Strip Chambers

Å Multi-wire proportional chamber and 

segmented cathode strips Ṷto wires

Å Plane resolution ~ 60 ɛmỉ Used for 

tracking

MDT: Monitored Drift Tubes

ÅTube resolution < 80 ɛmỉ
Used for tracking

TGC: Thin Gap Chambers

ÅFast Readout ỉ Used for 

triggering

Â Problems with the current spectrometer 

@ endcap

Â LV1 muon triggers rely on the BW TGC ­most 

muons found at LV1 are fake (~90%)

Â Large hit rate expected at the HL-LHC ­ low MDT 

hit and track segment efficiencies



New Small Wheel
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Â Replace the present SW detector with a NSW detector for the 

Phase-I upgrade

Ç Filter out fake tracks by reconstructing track vectors in the small wheel and 

match to vectors in the Big Wheel 

Ç Provide a segment measurement at NSW with an angular resolution of 1 

mrad

Ç Phase-2 Replace MDT+TGC with MM+sTGC that can work at 15 kHz/╬□



New Small Wheel Technologies
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Â Micromesh Gaseous Detector, Micromegas (MM)
Ç Primary precision tracker

Ç Strips (~0.5mm pitch)

Ç Position resolution <100 ɛm

Ç Redundant triggering

Â Small-strip Thin Gap Chamber
Ç Primary trigger detector (pads/strips)

Ç Combine pads, strips, wires (~3mm pitch)

Ç Angular resolution < 1 mrad (strips)

Ç Redundant position resolution (strips, wires)

~
 1

0
 m

Readout channels: 
ÅMM: ~ 2.1 M

ÅsTGC: 280k (strip) + 46k (pads) + 

28k (wires) = 354k

~75 kW for frontend electronics

16 layers in total



NSW- MM Technologies
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Â FE Electronics 
Ç Accurate charge & time 

measurement

Ç Group trigger

Ç Charge upto 250fC, negative

Ç Resolution < 0.5 fC at 200pF

MM

Ionization/drift

amplification



NSW- sTGC Technologies
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Â Trigger
Ç PAD signal selects strip region

Ç Selected strips sent for triggering

Â Tracker
Ç Combine strips and wires

sTGC

(~8 cm³8 cm)

Â FE Electronics 
Ç 1MHz/channel

Ç Fast processing 

Ç DC or AC coupling

Ç Charge 50pC, linear to 2pC

Ç Recovery < 200 ns (<1ɛs at 

50pC)

Ç Capacitance up to 2nF

Ç Resolution < 1fC at 200pF

Ç Fast processing 

Ç Signal tail suppression



NSW Trigger and Readout Electronics

8

Â 4 custom ASICs: VMM, ROC, TDS, ART
Â 4 custom on-detector boards: L1DDC, ADDC, MM FEB, sTGC FEB
Â 2 custom on-rim boards: Pad Trigger, Router, Rim-L1DDC
Â 2 custom off-detector boards: sTGC trigger processor, MM trigger processor


