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Upgrade of small wheels à NSW

A major ‘phase-1’ upgrade

Installed during LS2

Started operation from 2022



• Discussions/studies of ATLAS upgrade have been around since ~ 2004,             
well before the completion of ATLAS detector and start of pp collisions.

• This is in the context of LHC luminosity upgrade, which is inspired by the fact 
that the lifetime (radiation damage) of the triplet (focusing) magnets comes 
after several 100 fb-1. 

• New triplets will be designed for replacement, and at the same time allowing 
much higher instantaneous luminosity:  ~ 5x1034.    sLHC à HL-LHC

• Main interest of ATLAS (and CMS) was inner tracker.

• Muon system did not have specific idea of upgrade.   Some worry about increase 
of cavern background : background hit rate -> performance degradation (MDT).
• Some R&Ds started looking for muon detector for high rate

• Serious Muon studies started after the collision data have been collected 
(essentially from 2010): hit rate measurements, and some surprise.
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A long time ago
in a galaxy ….
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Cavern background The space outside of the calorimeter
Is filled by huge number of particles 
(mostly low energy).
• Leak from calorimeters
• Leak from beam pipe shieldings

The muon system is irradiated by the 
“cavern background” particles
• Background hits
• Radiation damage

Muon system

Calorimeters
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ATLAS muon detecter

2008 JINST 3 S08003

Figure 6.1: Cross-section of the bar-
rel muon system perpendicular to the
beam axis (non-bending plane), show-
ing three concentric cylindrical layers of
eight large and eight small chambers. The
outer diameter is about 20 m.

Figure 6.2: Cross-section of the muon system in
a plane containing the beam axis (bending plane).
Infinite-momentum muons would propagate along
straight trajectories which are illustrated by the dashed
lines and typically traverse three muon stations.

where a high momentum (straight) track is not recorded in all three muon layers due to the gaps
is about ±4.8� (|h |  0.08) in the large and ± 2.3� (|h |  0.04) in the small sectors. Additional
gaps in the acceptance occur in sectors 12 and 14 due to the detector support structure (feet). The
consequences of the acceptance gaps on tracking efficiency and momentum resolution are shown
in figures 10.37 and 10.34, respectively. A detailed discussion is given in section 10.3.4.

The precision momentum measurement is performed by the Monitored Drift Tube chambers
(MDT’s), which combine high measurement accuracy, predictability of mechanical deformations
and simplicity of construction (see section 6.3). They cover the pseudorapidity range |h | < 2.7
(except in the innermost end-cap layer where their coverage is limited to |h | < 2.0). These cham-
bers consist of three to eight layers of drift tubes, operated at an absolute pressure of 3 bar, which
achieve an average resolution of 80 µm per tube, or about 35 µm per chamber. An illustration of a
4 GeV and a 20 GeV muon track traversing the barrel region of the muon spectrometer is shown in
figure 6.4. An overview of the performance of the muon system is given in [161].

In the forward region (2 < |h | < 2.7), Cathode-Strip Chambers (CSC) are used in the inner-
most tracking layer due to their higher rate capability and time resolution (see section 6.4). The
CSC’s are multiwire proportional chambers with cathode planes segmented into strips in orthogo-
nal directions. This allows both coordinates to be measured from the induced-charge distribution.
The resolution of a chamber is 40 µm in the bending plane and about 5 mm in the transverse plane.
The difference in resolution between the bending and non-bending planes is due to the different
readout pitch, and to the fact that the azimuthal readout runs parallel to the anode wires. An illus-
tration of a track passing through the forward region with |h | > 2 is shown in figure 6.5.

To achieve the sagitta resolution quoted above, the locations of MDT wires and CSC strips
along a muon trajectory must be known to better than 30 µm. To this effect, a high-precision optical
alignment system, described in section 6.5, monitors the positions and internal deformations of
the MDT chambers; it is complemented by track-based alignment algorithms briefly discussed in
section 10.3.2.

– 165 –
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Cavern background

6

Neutron flux (kHz/cm2)
Mostly low energy photons, and 
neutrons 
+ much lower level of 
charged particle flux.

Muon detector and 
electronics were designed 
based on the estimation 
(simulation available at 
that time) + safety factor 
(typcally x5), but for the 
design luminosity (1x1034).
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Cavern background
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MDT cavern background issue

MDT (and perhaps CSC)  of Small Wheel will need upgrade
for high luminosity. 
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More serious problem : Muon L1 issue

• A-C asymmetry

suggests that the background particles are charge asymmetric, combined 
with the toroidal field.

 of RoI!
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Background trigger will saturate the L1 
bandwidth at high lumi

Performances of the small-strip Thin Gap Chambers in the NSW's of ATLAS,  S. Kabana for the ATLAS Muon Sspectrometer System,  PIC 2023  6

The Muon detector with the Old Small Wheels of ATLAS at HL LHC would be dominated by fake triggers

[1] ATLAS TDR NSW

The new end-caps inner stations (the two New Small Wheels) have been designed to enhance tracking precision so 
that the fake muon triggers are reduced by a factor of 7
As a consequence it will allow to maintain the same trigger thresholds without increase in trigger rate

Resolution requirements for the NSW's :
 
- Spatial resolution of the order of 100 mikrometer per layer is needed for precision tracking
- Angular resolution of about 1 mrad is needed to be able to reject tracks not coming from the primary interaction 

point with the Level-1 NSW Trigger
- It is designed to operate efficiently in run3 and beyond
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Endcap muon trigger chambers

Reminder: L1 muon trigger

z pT is gauged as a deviation of hits from the
pT=� track: “Coincidence Window”

z pT is calculated into 6 thresholds, for example,
> 20,  > 15, > 11,  >10,  > 6,  >4  GeV

(for high lumi: > 40, > 20, > 15, > 10, > 6, > 4)

p T=�

Example for Endcap L1

2No sensible resolution for higher pT than pT > ~30-40 GeV
(Practically MU40~MU50~MU60…)

21

Rate predictability [cross section]

z At EF,  mu20 is high purity/efficiency;
-- 7 TeV 1034 cm-2s-1: ~260 Hz
Æ@ 14 TeV: ~500 Hz 

(+ Efficiency corr. Æ phys rate could be
~0.7-1.0 kHz??)
Æ Does not agree with ~2 kHz in the

figure (based on “mc09 tuning”)
ÆMuon rate is dominated by b/c

21

ATL-COM-PHYS-2007-089

https://twiki.cern.ch/twiki/bin/view/

AtlasProtected/BPhysWorkingGrou

pCrossSections

Ź Cross sections

z Mc09 b/c cross sections tuning
-- ATL-COM-PHY-2007-089

-- b Xsec increased
by factor ~2
compared to TDR

-- c Xsec increased
by factor ~4
compared to TDR



6. UPGRADE OF THE LEVEL-1 MUON TRIGGER

In the case of no magnetic field of the toroidal magnets, as shown in Fig.6.9, the η
distribution of the L1 MU20’s is symmetric around η = 0. The number of events in z ≥ 0 is
just the same as that in z < 0.
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Figure 6.9: η distribution of the L1 MU20 events without magnetic field of the toroidal
magnets.
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Muon L1

F-B symmetry restores 
when magnet is OFF

Suggests charge 
asymmetry of 
particles

Toroidal field OFF data



27.10.2023 Tatsuo Kawamoto 12With 25ns bunch spacing, we will have ~40% more

rates in high pT (MU11,15,20) due to fakes from

previous BC at 1<Ș<1.5.

Æ Not due to timing adjustment, they are arriving really late. 

Æ No way to reduce this for now; cost to pay for 25ns option for now.

25 ns runs

6

z Rate increase :  “2 + (1) jump”

-- Big increase at low pT due to fakes at RPC Ș~1
which are at high pT killed by 3-st. requirement

-- ~40% increase at high pT due to fakes at TGC,
which indeed are arriving at late timing from previous BC 

Y. Suzuki,  TGM 2/11/2011

Ș of  MU11_”FIRSTEMPTY” 

events

MU11 vs h 25 ns test in 2011

Slow particles : out of time, but captured at 
the next bunch crossing with 25 ns interval.

Additional rate at small h (large R)
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V/c vs EM_t0 (#Inner_seg>0)

V/c vs EM_t0 (#Inner_seg=0)

Study of TOF between EM and EO 
(using T0 refit of MDT data)

V/c vs ADC (#Inner_seg=0)
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Rate predictability [Fakes]
z To predict L1 rates correctly from simulation, it is necessary to simulate

backgrounds / fakes in addition; i.e. need to correctly simulate details down to:
-- Low mom. secondary particles;

* Generated at very forward materials,
* Escaping through un-shielded region,
* Converting n to p
* Hitting in later timing than collision 

(“Pileup” from previous BC) 

23

z First, I think detailed comparison 
between data/MC for fakes is necessary
-- Are they described as “pileup”

schema of simulation?
– If MC knows fakes, it is also a large

help in understanding the origin of 
fakes

z If not, would it be possible to use
data fake events in MCs (overlaid to 
signal)?M.Ishino, TDAQ Week 6/2011

z Expected rate reduction by EI 
segment cut not reproduced…
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2008 JINST 3 S08003

µ

29.970 mm

Anode wire

Cathode tube

Rmin

Figure 6.8: Cross-section of
a MDT tube. Figure 6.9: Longitudinal cut through a MDT tube.

reduction of the signal pulse height [165–168]. A disadvantage of this gas mixture is the non-linear
space-drift time relation and the drift time of about 700 ns, which is about 50% longer than is typical
for linear gases such as Ar/CH4. The non-linearity of the Ar/CO2 gas leads to a reduction of spatial
resolution at high counting rates due to the distortion of the electric field created by the positive
ions. At full LHC luminosity, counting rates of up to 30 kHz per tube will be expected due to the
conversion of background photons and neutrons [34, 36, 169]. The corresponding degradation of
the average resolution has been determined in tests at high gamma backgrounds and is expected to
be 60-80 µm per tube at the expected background levels [166, 170–172]. Detailed results are given
in section 6.3.4. An additional complication for tracking comes from the fact that the detailed shape
of the space drift-time relation in ArCO2 depends on environmental parameters like temperature
and pressure as well as on the local magnetic field due to the Lorenz force. In order to maintain the
high spatial resolution under varying environmental conditions, an online calibration system based
on measured tracks is foreseen [173, 174].

A small water admixture to the gas of about 300 ppm is foreseen to improve HV stability.
The effect of this admixture on the drift behaviour is expected to be negligible [175].

6.3.2 Mechanical structure

The main parameters of the MDT chambers are listed in table 6.2. The chambers are rectangular
in the barrel and trapezoidal in the end-cap. Their shapes and dimensions were chosen to optimise
solid angle coverage, while respecting the envelopes of the magnet coils, support structures and
access ducts. The direction of the tubes in the barrel and end-caps is along f , i.e. the centre points
of the tubes are tangential to circles around the beam axis. While all tubes of a barrel chamber
are of identical length (with the exception of some chambers with cut-outs), the tube lengths in the
end-cap chambers vary along R in steps of 24 tubes. Detailed information on chamber dimensions
and other parameters is available in [176]. The MDT chamber construction is described in [177].

The naming of chambers is based on their location in the barrel or end-cap (B,E), their as-
signment to inner, middle, or outer chamber layer (I, M, O) and their belonging to a large or a
small sector (L,S). The sector number (1–16) and the sequence number of the chamber in a row
of chambers in a sector are added to completely specify a MDT chamber. A BOS chamber, for
example, is located in a small sector of the barrel, outer layer, while an EML lies in the large sec-

– 171 –
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Rate predictability [Fakes]
z To predict L1 rates correctly from simulation, it is necessary to simulate

backgrounds / fakes in addition; i.e. need to correctly simulate details down to:
-- Low mom. secondary particles;

* Generated at very forward materials,
* Escaping through un-shielded region,
* Converting n to p
* Hitting in later timing than collision 

(“Pileup” from previous BC) 

23

z First, I think detailed comparison 
between data/MC for fakes is necessary
-- Are they described as “pileup”

schema of simulation?
– If MC knows fakes, it is also a large

help in understanding the origin of 
fakes

z If not, would it be possible to use
data fake events in MCs (overlaid to 
signal)?M.Ishino, TDAQ Week 6/2011

z Expected rate reduction by EI 
segment cut not reproduced…
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A particle of correct timing  (b = 1) Late arriving particle (b<1)

t0 adjustment (t0 refit) : determination of precise timing



6. UPGRADE OF THE LEVEL-1 MUON TRIGGER
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Figure 6.12: β=(v/c) distribution for of the L1 MU20 events. β is calculated from the T0refit
of the middle and the outer stations. The blue histogram shows a β distributions for the
non-fake triggers, while the red shows the β distribution for the fake triggers. The magenta
and green are a breakdown of the red distribution, where the magenta is for the events with
associate track segments in the inner station and the green without associate track segments
in the inner station.
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• Without offline µ, without EI hits
• With offline µ, with EI hits

Particle Identification Techniques with dE/dx                            Michael Hauschild, 8th ICATPP, Como, 8-Oct-2003, page 12

dE/dx at Large DetectorsdE/dx at Large Detectors

OPAL Jet Chamber
1.6 m track length

4 bar pressure

momentum slices

K

π

ep



6. UPGRADE OF THE LEVEL-1 MUON TRIGGER
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Figure 6.19: The left figure shows the birth positions of the protons which pass the TGC-BW
at z=-14 m, while the right figure shows the birth positions of protons which pass the TGC-BW
at z=+14 m. There is a hot spot in (z , R) = (1000 cm , 100 cm), but there is no hot spot in
the negative z side at (z , R) = (-1000 cm, 100 cm).
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Figure 6.20: Sheild for the endcap toroidal magnet.
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Rate predictability [Fakes]
z To predict L1 rates correctly from simulation, it is necessary to simulate

backgrounds / fakes in addition; i.e. need to correctly simulate details down to:
-- Low mom. secondary particles;

* Generated at very forward materials,
* Escaping through un-shielded region,
* Converting n to p
* Hitting in later timing than collision 

(“Pileup” from previous BC) 
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z First, I think detailed comparison 
between data/MC for fakes is necessary
-- Are they described as “pileup”

schema of simulation?
– If MC knows fakes, it is also a large

help in understanding the origin of 
fakes

z If not, would it be possible to use
data fake events in MCs (overlaid to 
signal)?M.Ishino, TDAQ Week 6/2011

z Expected rate reduction by EI 
segment cut not reproduced…

Monte Carlo simulation

Map of birth positions of fake trigger particles 

protons
A sideC side

Fake muons are due to protons 
resulting from complex nuclear 
reactions in front of EM station.

Interpretation
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muon+ 

* range is changed 

9 

birth position: muon+ 

10 

for comparison,  µ+
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Doing these studies and considerations, 
idea converged to a new small wheels.

• Precision tracker that works at high rate (including the phase 2 
environment)

• Provide real time EI segments to validate the EM L1 segments
• Tracking performance as good as the existing small wheel

Proposals of detector technologies and launch of R&Ds
sMDT(small tube), sTGC(small strip), mRPC(narrow gap), MM(mpgd), ….

+ good online angular resolution (1 mrad) to allow better PT resolution (sharper L1 
threshold) at Phase-2 combined with improved EM angular resolution  (e.g. using MDT 
).

A

B

C

A

B

C

EM

EI

EM

EI

(a)

(b)
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ATLAS LoI for phase-1 upgrade    CERN LHCC-2011-012   (November 2011) 

Several detector options

• sMDT (tracking) + sTGC (trigger + tracking f & R )
• sMDT (tracking) + mRPC (trigger + tracking f)
• MM (tracking + trigger)

Towards TDR,  technology choice 

Workshop at Le Brassus (Suisse Jura)  Jan. 2012
à insead of converging, .. another proposal  sMDT+sTGC (Outer) + MM (Inner)

Totally confused.     à Further discussions

Eventually converged to the present NSW design after ~ 1 year of many discussions 
and additional R&D milestones

High redundancy was one of the reasons.
two technologies for both tracking + trigger
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Technical Design Report

• Initial design review        : with sTGC + MM proposal, 
but with milestones to be achieved by the end of the year

• Kick off institute meeting  August 2012          ~ 50 institutes 
• NSW milestone review      Jan 2013  Aix les Bains
• EB approval
• CB approval
• TDR & iMoU

NSW TDR          CERN-LHCC-2013-006,  June 2013 
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In the meantime, the TGC of the old SW and Tile signal were included
In L1 In coincidence with EM  à reduction of rate as expected,
Justifying the basic idea of NSW for rate reduction.
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NSW overview I myself was involved in development and construction 
of MM chambers at Tokyo and Saclay

ARCHITECTURE OF THE NSW AND MODULES

1 - Drift panel

3 - Drift panel (Cathode x2)

5 - Drift panel

2 - RO panel (Eta strips x2)

4 - RO panel (Stereo strips x2)

O-ring

Aluminum framesCooling channels
+ gap pad

Cable tray

Zebra connector

Zebra compression bar

MMFE8

Honeycomb

Page 4

4 construction sites:
- SM1 Æ Italy/INFN
- SM2 Æ Germany
- LM1 Æ France/Saclay
- LM2 Æ Russia/Dubna – Greece/Thessaloniki (+ Cern)
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MM chambers

ARCHITECTURE OF THE NSW AND MODULES
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- SM2 Æ Germany
- LM1 Æ France/Saclay
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Basic quadruplet unit



27.10.2023 Tatsuo Kawamoto 24

MM chambers
READOUT BOARD

Page 5
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MM chambers

BOARD PRODUCTION PROCESS

Page 6

Typical resistivity ~ 10-20 Mȍ/cP  (a800 kȍ/☐)
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MM chambers Prof. Masubuchi,  U.Tokyo
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MM chambers
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MM chambers
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MM HV issue

� Residual ionic contamination Æ cleaning procedures reviewed

� Mesh mechanical imperfections Æ mesh polishing

� Humidity Æ monitor humidity, dry panels and modules, increase gas flux

� Low resistivity of anode resistive strips

� Low quenching gas mixture

HV INSTABILITIES: CAUSES

Page 9
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MM HV issue

HV INSTABILITIES

Zone de claquage
(Résidus de TiO2 )

Page 10
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MM HV issue

RESISTIVE PASTE: PRODUCTION ISSUES

Page 7

It was difficult to control the resistivity

Batch to bach variation of resistive paste.

+ 

Initially defined tolerance was not quite 
correct  
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MM HV issueRO BOARDS PASSIVATION
- Resistance increases with the distance to the edge of the readout plane 

(target value around 1 Mohms) but the value of the resistive paste is too
low (even worse at the ladders level)

- Passivation allows to artificially increase the resistance at the edge of the 
detector (at the expense of the active area)

Page 11

Passivation
To ensure sufficient 
resistance from the silver 
line,
sacrificing the active area.
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MM new gas mixture to save

OFF TOPIC ?

Page 19

From P. Iengo – MPGD 2022

Adding 2% of iC4H10 greatly improved 
the HV stability + same gain at lower HV.

Took ~1 year to convince people and 
ourself to switch the gas mixture.
with Irradiation tests, etc.
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NSW electronics

NSW Detectors: sTGC

EP Seminar Sept 27 2019 S. Zimmermann 13

• Detector technology is a well established 

one, same as was used in OPAL @ LEP, and 

for the ATLAS TGCs

• Wire chambers with a wire ʹ wire distance 

which is equal to the distance beween

cathodes

• and with a resistive layer as part of the cathodes (Graphite spraying)

• sTGC operate in quasi-saturated mode, with a n-pentane : CO2 flammable gas mixture Æ
very fast response, crucial for BCID identification and trigger under high rates

• Strip pitch for NSW sTGC is 3mm Æ resolution of 100 ʹ
120 µm can be achieved with a charge centroid 

reconstruction

• Chambers have 4 gas gaps, each with a strip and a pad 

segmented cathode,

• Pad signals used in the trigger to define a trigger tower 

and initiate readout of a limited number of strips to the 

NSW ƚƌiggeƌ ƉƌŽceƐƐŽƌ ͙͘ 
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Assembly and surface commissioning
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Installation in ATLAS
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Status of NSW

SummaryNSW Preliminary Performance: MM Single layer efficiency

11Giada Mancini (LNF INFN )

Lower HVReadout board problems
or LV board problems

(from these maps is impossible to 
distinguish between the problems) 

Half HV channel 
disconnected

Longitudinal 
passivations
(non active

area)

Local passivation 
(interconnections 

screws, non active area)

Side 
passivations

(non active area)
Local defects

±5 mm
Inclusive of all inefficiencies (detector, HW, DAQ) 

TeVPA23
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Status of NSW

L. Martinelli / NUCLEAR INSTRUMENTS AND METHODS IN PHYSICS 00 (2023) 1–5 3

sector. The measurement peaks at low radius where the background events (underlying events) dominate. The peak41

of the distribution as a function of the instantaneous luminosity is shown in Figure 2a. A linear fit is performed and42

the extrapolated value of the particle rate at 5 ⇥ 1034 cm�2 s�1 is 18 kHz/cm2 which is within the design goal of the43

NSW (20 kHz/cm2).44
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Figure 2: (a) Number of reconstructed clusters per cm2 per s, measured with the sTGC strips at the innermost radius of the first layer, as a function
of the luminosity. Run 440199 was a test run which reached higher instantaneous luminosity than normal runs in 2022 and 2023 [7]. (b) E�ciency
for having at least four out of eight layers of Micromegas (red), sTGC strips (blue), or of either of the two (black) associated to a muon Combined
(ID+MS) or Standalone (MS) track with pT > 15 GeV passing through the NSW on the C side for all physics runs taken in 2023. With at least four
active layers each of the detector technologies is able to independently seed and reconstruct a segment in the NSW which can then be combined
with the segments in the two outer end-cap stations. Therefore this plot indicates the e�ciency with which the NSW is contributing to the muon
track reconstruction in the ATLAS end-caps. Regions of low e�ciency can be explained by detector or readout issues at the time of data taking [7].

3.2. E�ciency45

Muon reconstruction e�ciency are measured using Combined muons (muon track reconstructed using the inner46

detector track and muon spectrometer track combined together) or Standalone (only muon spectrometer track) and47

selecting tracks with a reconstructed pT > 15 GeV . Despite the di↵erent problems that reduce the single layer48

e�ciency (local defects, Readout board problems or LV board problems, HV problems, passivations) the average49

e�ciency of each MicroMegas/sTGC layer is ⇠ 65 � 80% depending of the region and it is constant as a function of50

the time. Three di↵erent majority were studied to understand the muon reconstruction e�ciency from the NSWs. The51

best one which reduces the amount of fakes without losing in e�ciency is the request of having at least 4 MicroMegas52

layer (out of 8) or 4 sTGC strip layer (out of 8) which brings the NSWs reconstruction e�ciency to be greater than53

95%, as shown in Figure 2b.54

3.3. Resolutions55

The reconstruction of the position of the muon is still sub-optimal for both the technologies. The single point56

resolution is spoiled by e↵ects from residual layer-layer mis-alignment and from the as-built geometry as shown in57

Figure 3. A substantial improvement in resolution is expected once all e↵ects are considered and corrected. A further58

improvement in the single layer position reconstruction is expected with new time-based reconstruction algorithms.59

4. L1 Trigger60

The inclusion of the trigger of the NSWs was one of the main aspects of the NSW upgrade project. Currently the61

full trigger chain has been successfully integrated into Level-1 trigger, to release the high-rate pressure and improve62

the e�ciency in end-cap regions. Figure 4 show the rate reductions after the inclusion of 100 (out of 144) NSWs Pad63

trigger in the ATLAS Trigger Sector Logic.64

3

Redundancy helped

Segment efficiency
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Figure 3: (a) Micromegas position resolution extracted by comparing the cluster position on two neighbouring layers corrected by the track angle
for small and large sectors [7]. (b) sTGC resolution for di↵erent values of the charge calibration of the readout electronics. The resolution is
calculated between the reconstructed cluster position on each layer and the muon track reconstructed with the full ATLAS detector [7].
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Figure 4: (a) The pseudorapidity (⌘) distribution of the level-1 (L1) Region-of-Interests, which fulfill the primary L1 muon trigger with a threshold
of the transverse momentum of 14 GeV before and after the deployment of the Tile and NSW coincidences in the L1 trigger decisions in 2023 data.
Only the sTGC-Pad readout is used for the NSW coincidence of the track candidates [8]. (b) The trigger rate of the primary L1 muon trigger with a
threshold of the transverse momentum of 14 GeV (L1 MU14), scaled to the instantaneous luminosity of 2⇥ 1034 cm�2 s�1, as a function of time in
2023. The rate reduction after the reactivation of the Tile coincidence and after the inclusion of the NSW Pad Trigger was measured to be ⇠ 2 kHz
and ⇠ 6 kHz respectively [8].

4

Position resolution
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Figure 3: (a) Micromegas position resolution extracted by comparing the cluster position on two neighbouring layers corrected by the track angle
for small and large sectors [7]. (b) sTGC resolution for di↵erent values of the charge calibration of the readout electronics. The resolution is
calculated between the reconstructed cluster position on each layer and the muon track reconstructed with the full ATLAS detector [7].
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Figure 4: (a) The pseudorapidity (⌘) distribution of the level-1 (L1) Region-of-Interests, which fulfill the primary L1 muon trigger with a threshold
of the transverse momentum of 14 GeV before and after the deployment of the Tile and NSW coincidences in the L1 trigger decisions in 2023 data.
Only the sTGC-Pad readout is used for the NSW coincidence of the track candidates [8]. (b) The trigger rate of the primary L1 muon trigger with a
threshold of the transverse momentum of 14 GeV (L1 MU14), scaled to the instantaneous luminosity of 2⇥ 1034 cm�2 s�1, as a function of time in
2023. The rate reduction after the reactivation of the Tile coincidence and after the inclusion of the NSW Pad Trigger was measured to be ⇠ 2 kHz
and ⇠ 6 kHz respectively [8].

4

Reduction of L1 rate using 100/144 sTGC pad-tower.

sTGC strips and MM trigger will follow.
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Covern background hit rate

Sonia Kabana on behalf of the ATLAS Muon Spectrometer System Collaboration, PIC2023  16

Comparison of measured NSW cluster rates to expectations
NSW TDR ATLAS

The rate at R=100 m, from the CSC based estimate of 
TDR, extrapolated from 7 to 14 TeV and from L=3x1034 
cm-2 s-1 to L=1.92x1034 cm-2 s-1  is 2829 Hz cm-2 

The sTGC rate at R=200 from CSC measurements 
extrapolated to 14 TeV and to L=1.92x1034 cm-2 s-1  is ca. 
750 Hz cm-2 

 sTGC rate values from p+p data at R=100 cm:  
small sector: ca. 7800 Hz cm-2 
large sector: ca 5000 Hz cm-2 

sTGC rate from p+p data at R=200 cm:  
small sector: ca 700 Hz cm-2 
large sector: ca 750 Hz cm-2 

 At R=100 cm the sTGC rates are higher as compared to expectations from CSC measurements, while at higher radial 
distances (R=200 cm) they are consistent. 
This can be due to the reduced shielding used at small radial distances in run-3

2023 dataL. Martinelli / NUCLEAR INSTRUMENTS AND METHODS IN PHYSICS 00 (2023) 1–5 3

sector. The measurement peaks at low radius where the background events (underlying events) dominate. The peak41

of the distribution as a function of the instantaneous luminosity is shown in Figure 2a. A linear fit is performed and42

the extrapolated value of the particle rate at 5 ⇥ 1034 cm�2 s�1 is 18 kHz/cm2 which is within the design goal of the43

NSW (20 kHz/cm2).44
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Figure 2: (a) Number of reconstructed clusters per cm2 per s, measured with the sTGC strips at the innermost radius of the first layer, as a function
of the luminosity. Run 440199 was a test run which reached higher instantaneous luminosity than normal runs in 2022 and 2023 [7]. (b) E�ciency
for having at least four out of eight layers of Micromegas (red), sTGC strips (blue), or of either of the two (black) associated to a muon Combined
(ID+MS) or Standalone (MS) track with pT > 15 GeV passing through the NSW on the C side for all physics runs taken in 2023. With at least four
active layers each of the detector technologies is able to independently seed and reconstruct a segment in the NSW which can then be combined
with the segments in the two outer end-cap stations. Therefore this plot indicates the e�ciency with which the NSW is contributing to the muon
track reconstruction in the ATLAS end-caps. Regions of low e�ciency can be explained by detector or readout issues at the time of data taking [7].

3.2. E�ciency45

Muon reconstruction e�ciency are measured using Combined muons (muon track reconstructed using the inner46

detector track and muon spectrometer track combined together) or Standalone (only muon spectrometer track) and47

selecting tracks with a reconstructed pT > 15 GeV . Despite the di↵erent problems that reduce the single layer48

e�ciency (local defects, Readout board problems or LV board problems, HV problems, passivations) the average49

e�ciency of each MicroMegas/sTGC layer is ⇠ 65 � 80% depending of the region and it is constant as a function of50

the time. Three di↵erent majority were studied to understand the muon reconstruction e�ciency from the NSWs. The51

best one which reduces the amount of fakes without losing in e�ciency is the request of having at least 4 MicroMegas52

layer (out of 8) or 4 sTGC strip layer (out of 8) which brings the NSWs reconstruction e�ciency to be greater than53

95%, as shown in Figure 2b.54

3.3. Resolutions55

The reconstruction of the position of the muon is still sub-optimal for both the technologies. The single point56

resolution is spoiled by e↵ects from residual layer-layer mis-alignment and from the as-built geometry as shown in57

Figure 3. A substantial improvement in resolution is expected once all e↵ects are considered and corrected. A further58

improvement in the single layer position reconstruction is expected with new time-based reconstruction algorithms.59

4. L1 Trigger60

The inclusion of the trigger of the NSWs was one of the main aspects of the NSW upgrade project. Currently the61

full trigger chain has been successfully integrated into Level-1 trigger, to release the high-rate pressure and improve62

the e�ciency in end-cap regions. Figure 4 show the rate reductions after the inclusion of 100 (out of 144) NSWs Pad63

trigger in the ATLAS Trigger Sector Logic.64

3

~12 kHz/cm2 at 7x1034 at R=100

~25 kHz/cm2 at 7x1034 at R=100

Measured hit rate is higher than initially considered, but it is still OK.

Different detector sensitivity, thinner radiation shielding, …
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