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Outline

• New Small Wheel (NSW) 
• Cosmic Ray Test Stand 
• Clusters/Tracking 
• High Voltage 
• Efficiency
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Side A
Side C

Upgrading the ATLAS Muon Detector

New Small Wheel
showing the sTGCs

• The New Small Wheels will not be needed for Run 3 but will be 
needed for High Luminosity LHC (HL-LHC) 

• According to the NSW technical design report (TDR): 
‣The NSW is expected to work at up to 15 kHz/cm2 at ~ 2.7 
‣A spatial resolution of 100 μm or better is needed for a 

momentum resolution better than 10% at 1 TeV  
(the resolution of the current Small Wheel)

η

Small Wheel (SW) Different sizes needed for overlap

Small Modules 
(SM)

Large Modules 
(LM)

3 3
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The New Small Wheel (NSW) — Tracking Technology

4

1. strip pitch: ~400 μm, strips width: 300 μm
2. drift time: ~100 ns
3. used for tracking and also as a trigger

Small Wheel: 
Monitored Drift Tubes (MDT)

New Small Wheel: 
Micromegas (MM)

1. tube diameter: ~3 cm
2. max drift time: ~700 ns
3. used for tracking

Comparison of the tracking technologies of the Small Wheel and the New Small Wheel

z

cross-section of a tube

 μ

0 V 

ionization5 mm

0.1 mm

~ -300 V 

~ 600 V 
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Goals of the Cosmic Ray Test Stand at CERN

•Complete final electronics integration 

•Test the DAQ 

•Measure noise rate, high voltage, gas leaks, 
spark rate, sample the efficiency, get a sense of 
the resolution 

•Test a real detector with real muons
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Each one of the MM chambers consists of 8 layers

Eta layers

X U V

The New Small Wheel (NSW) — Micromegas

Stereo layers
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Tilted 1.5º with respect to the eta 
layers to gather φ-information

Measure precision 
coordinate (η)

μ

sTGC  
quad

sTGC  
quad

U V X XX X U V

MM  
quad

MM  
quad

Interaction 
Point

Cross section of a muon passing through  
‣sTGC: precision triggering 
‣MM: precision tracking, and triggering

6



N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

/ 17Gabriel Rabanal·Bolaños ICHEP 2020 7

Cosmic Ray Test Stand at CERN
•7 out of 16 small chambers (SM) were tested with cosmic muons with no minimum muon  
•Each SM chamber consists of two modules: SM1 and SM2 (shown below) 
•Pairs of scintillators make a trigger with a frequency of ~100 Hz and partially cover the chamber below

pT

SM2SM1

 μ

0 500 1000 1500 2000 2500 3000 35001000−

500−

0

500

1000

SM

SM2SM1

Scintillators do not cover the chamber uniformly

From the side: From above:

 μ

•Our setup is not optimal for measuring high-  muons due to the absence of an absorber and scintillators 
below the chamber

pT
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Baseline Electronic Noise
Example of the baseline noise per strip 

measured 100 times in one front-end board:

Diagnostics
Software exists to:


• Measure baselines

• Choose VMM and channel 

thresholds

• Measure VMM temperature

• Look at scope readout

• Test pulse each channel of 

each VMM

!16
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4.4 fC

RMS ~ 2.5 mV

Strip number

Noise hits

Event display

This RMS is used 
to set up the 
signal threshold: 

• RMS

• RMSx2, 

• RMSx3, 

• etc.
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Setting the strip threshold

• In order to trigger on noise, we delay 
t h e s i n g l e s s i g n a l f r o m o n e 
scintillator and that is our trigger 

• The hardware threshold must be 
selected: 
‣ low enough to get a signal 
‣ high enough to keep the noise 

below the predicted hit rate at HL-
LHC (1 kHz/strip). 

 

4 5 6 7 8 9 10 11 12
Threshold, in units of baseline RMS
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st
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H
its

August 12th, all channels

August 12th, masking hot channels

Median Hit Rate vs. Threshold       Hits         
strip second  [Hz]

~     1
kHz
strip

Electronic Noise in Micromegas vs. Hardware Threshold

~1.1 ~1.4 ~1.7 ~1.9 ~2.2 ~2.5 ~2.8 ~3.1 ~3.3Average 
charge (fC)

https://indico.cern.ch/event/746977/contributions/3105712/attachments/1708909/2754383/2018-08-31-MMTechReview-AWang.pdf
https://indico.cern.ch/event/746977/contributions/3105712/attachments/1708909/2754383/2018-08-31-MMTechReview-AWang.pdf
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10

• A simple clustering algorithm 
known as Pacman is used to 
group neighboring hit strips into 
clusters: 

• Due to high strip threshold we 
get single-strip clusters. 

• For straight down tracks we 
expect on average 3-strip 
clusters

Cluster Charge
Chamber A02, layer IP 2

MPV: 22.5 fC

Threshold at ~2.5 fC
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11

Tracks (Physics Objects)

 

Track map of one NSW layer

SM1 SM2

• Shows the points crossed by cosmic tracks that 
cross 5+ layers:  

• Biased toward the center of the chamber because 
of scintillator acceptance

Example of a track reconstructed with MM layers:

https://indico.cern.ch/event/847881/contributions/3563882/attachments/1907745/3152096/Tuna-2019-09-13-bb5perf-03.pdf
https://indico.cern.ch/event/847881/contributions/3563882/attachments/1907745/3152096/Tuna-2019-09-13-bb5perf-03.pdf


N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

/ 17Gabriel Rabanal·Bolaños ICHEP 2020 12

Summary of the High Voltage Configuration
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Example of a possible configuration with  
one HV section at 550 V

• Each NSW layer has 16 HV sections 
• The TDR had 600 V as the nominal high voltage, but the new nominal high voltage is 570 V due to 

sparking in multiple HV sections 
• If a HV section sparks at a high rate, then its voltage is lowered or turned off

For 7 SM chambers tested in the cosmic 
ray test stand: 

• Fraction of HV sections that hold 
nominal HV (570 V): 89.6% 
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Measuring Efficiency with a Tag-and-probe Approach

• Exclude layer     

• Fit a line using the remaining 7 layers. If a track 
is found this is a “tag” 

• If a cluster on layer  is found within a window of 
the track projection, this cluster is a “probe” 

• The allowed window is 5 mm for eta layers and 
10 mm for stereo layers 
 

efficiency = 

i

i

N(probes)
N(tags)

 

?

https://indico.cern.ch/event/847881/contributions/3563882/attachments/1907745/3152096/Tuna-2019-09-13-bb5perf-03.pdf
https://indico.cern.ch/event/847881/contributions/3563882/attachments/1907745/3152096/Tuna-2019-09-13-bb5perf-03.pdf
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Efficiency

 

Example of a Micromegas efficiency map for a layer at nominal high voltage (570V)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1 ε

0 500 1000 1500 2000 2500 3000 3500
x [mm]

2000−

1500−

1000−

500−

0

500

1000

1500

2000

y 
[m

m
]

ATLAS NSW Internal
Neighbour logic: OFF

σVMM threshold: 9x
VMM peak time: 200 ns

 0.02 %±: 97.87 Layer 6
A02ε

0 500 1000 1500 2000 2500 3000 3500 4000
x [mm]

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

ef
f.

2D version 1D version

https://indico.cern.ch/event/847881/contributions/3563882/attachments/1907745/3152096/Tuna-2019-09-13-bb5perf-03.pdf
https://indico.cern.ch/event/847881/contributions/3563882/attachments/1907745/3152096/Tuna-2019-09-13-bb5perf-03.pdf
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Efficiency vs. HV — SM Chambers
Micromegas efficiency vs amplification voltage (HV) for SM chambers tested with cosmic muons
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Neighbour Logic: OFF
σVMM threshold: 9x

VMM peak time: 200 ns

A14 - Layer 6 (eta)
A12 - Layer 7 (eta)
A10 - Layer 7 (eta)
A10 - Layer 5 (stereo)
A16 - Layer 0 (eta)
A16 - Layer 7 (eta)
A08 - Layer 6 (eta)
A02 - Layer 6 (eta)
A06 - Layer 6 (eta)

15

Percentage of HV  
sections at each HV 

for 7 small chambers: 89.6%0.3%0.2%1.8%0.3%1.5%2.5%2.3%

• For the nominal 
voltage (570 V) the 
efficiency is around  
~ 94 - 96 % 

• At 550 V, the efficiency 
is above 80% 

• If a HV section cannot 
hold 500 V, it is turned 
off

HV (V)
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Residuals
An unbiased residual is the distance between 

A. the intersection of a track (created by blinding a layer)  
B. the centroid of the closest cluster in said layer, if any

?

resid_0
Entries  103766
Mean   0.001199± 0.00619 
Std Dev    0.000848± 0.3848 
Underflow      39
Overflow       56

 / ndf 2χ   8156 / 243
Constant  38.9±  8380 
Mean      0.000735± 0.007907 
Sigma     0.0008± 0.2269 

3− 2− 1− 0 1 2 3
Residual(track, clus) [mm]
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Entries  103766
Mean   0.001199± 0.00619 
Std Dev    0.000848± 0.3848 
Underflow      39
Overflow       56

 / ndf 2χ   8156 / 243
Constant  38.9±  8380 
Mean      0.000735± 0.007907 
Sigma     0.0008± 0.2269 

• The spread of the residual distribution is not only 
the resolution, but also includes the effect of 
multiple scattering and the extrapolation error 

Residuals for tracks with angles less than 5ºExample of a track created blinding one layer
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Summary 

• A complete electronics integration with the final chambers has been done with cosmic rays and it works 

• 7 small (SM) chambers out of the 16 were tested with cosmic muons at CERN 

• 0 large (LM) chambers out of the 16 were tested with cosmic muons at CERN 

• We determined how many sections hold high voltage 

• The efficiency of each layer was measured 

Projected Timeline 
(as per the latest NSW Review meeting on 20 July 2020) 

‣Commissioning of the NSW Side A by May 2021  
‣Commissioning of the NSW Side C by October 2021 

Thank you!
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BACKUP
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Mean Cluster Charge vs. Angle — SM Chambers
Mean Micromegas cluster charge vs the incident angle θ taken from the track reconstruction using the other 
layers of the double-wedge
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Cluster Width vs. Angle — SM Chambers
Micromegas cluster width (number of hits+holes per cluster) vs the incident angle θ taken from the track 
reconstruction using the other layers of the double-wedge for SM chambers tested with cosmic muons
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Mean Cluster Charge vs. HV — SM Chambers
Mean Micromegas cluster charge vs amplification voltage (HV) for SM chambers tested with cosmic muons
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Cluster Width vs. HV — SM Chambers
Micromegas cluster width (number of hits+holes per cluster) vs amplification voltage (HV) for SM chambers 
tested with cosmic muons
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Efficiency vs. HV — SM Chambers
Micromegas efficiency vs amplification voltage (HV) for SM chambers tested with cosmic muons
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LHC Schedule
Timeline of data taking at the Large Hadron Collider, subject to change:

~ 150 fb-1 of data 
 

Inst. Luminosity:  
~  cm-2s-11 ⋅ 1034

 2011   2012   2013   2014  2015   2016   2017   2018  2019   2020   2021   2022  2023   2024   2025   2026               …     
 Run 1  Run 2 Run 3

LHC HL-LHC

Run 4 - 5 …      

~ 300 fb-1 of data 
 

Inst. Luminosity:  
~  cm-2s-12 ⋅ 1034

~3000 fb-1 of data 
 

Inst. Luminosity:  
~  cm-2s-15 ⋅ 1034

~ 30 fb-1 of data 
 

Inst. Luminosity:  
~  cm-2s-16 ⋅ 1033

NOW 
Phase-I upgrades

FUTURE 
Phase-II upgrades

  = 7 ~ 8 TeVs   = 13 ~ 14 TeVs   = 14 TeVs   = 14 TeVs

Can the ATLAS detector handle higher luminosity in Run 3? 
We are working on the Phase-I upgrades for ATLAS to be ready for the upcoming Run 3 and the future HL-LHC
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New Small Wheel Upgrade — Micromegas

25

•Cross section of a Micromegas layer: • strip pitch: ~425 μm or ~ 450 μm

• drift time: ~100 ns

• used for tracking and also as 
a standalone trigger

New Small Wheel: 
Micromegas (MM)

Drift gap
• ~ 5 mm
• ~ 300 V
• velocity ~ 1 mm / 20 ns

Amplification gap
• ~ 570 V
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New Small Wheel Upgrade — Micromegas

26

•Cross section of a Micromegas layer: • strip pitch: ~425 μm or ~ 450 μm

• drift time: ~100 ns

• used for tracking and also as 
a standalone trigger

New Small Wheel: 
Micromegas (MM)

Drift gap
• ~ 5 mm
• ~ 300 V
• velocity ~ 1 mm / 20 ns

Amplification gap
• ~ 570 V
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Tracks (Physics Objects)

 

• Examples of track displays, showing a cross section of the full chamber (note: axes are not at scale)

Delta rays?

Noise hits

https://indico.cern.ch/event/847881/contributions/3563882/attachments/1907745/3152096/Tuna-2019-09-13-bb5perf-03.pdf
https://indico.cern.ch/event/847881/contributions/3563882/attachments/1907745/3152096/Tuna-2019-09-13-bb5perf-03.pdf
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Comparison between the SW and the NSW
The Small wheel has three technologies: 
‣CSCs + MDTs for precision tracking 
‣TGCs for triggering purposes

The New Small wheel (NSW) will have two 
technologies: 
‣Micromegas (MMs) for precision tracking and 

standalone triggering 
‣small-strip Thin Gap Chambers (sTGCs) for 

triggering purposes

IPIP
SW NSW
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The New Small Wheel (NSW) — Micromegas
 

Each wheel has 

• 8 Small (SM) chambers  

• 8 Large (LM) chambers 

MM chambers:  Different sizes needed for overlap

Each wheel has 

• MM layers for primary tracking, but also triggering 

• sTGC layers for primary triggering

29

"Chamber”


