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Qutline

g of tHhe New Small Wheel in the ATLAS

» Efficiency studies

> Resolutions

» Trigger integration
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> Trigger
With the “old”” Small Wheels it is impossible to distinguish
between cases:

A. an high p; track coming from the interaction point;

B. a track with low py created in the toroid;

C. Multiple scattering.

» Tracking
With the old Small Wheels the reconstruction efficiency decreases.

New Detectors are needed with
trigger capabilities and to handle the
high flux!




The New Small Wheel
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P Two technologies

* MicroMegas
* small strip Thin Gas Chambers (sTGC)

8+8 layers to have redundancies and
reconstruct the second coordinate

~10m

sTGC

16 "petals" (8 small + 8 large)

Two wheels, one per end-cap side
(side A, side C)

sTGC wedge sTGC wedge
MM quadruplets ‘
()
¥ ;”T) <15% (@ 1 TeV)
T

= single point resolution ~100 um

MM quadruplets
Spacer

Local angular resolution for the trigger: 1 mrad




The two detector technolo

MicroMegas

» Gas detector, Ar: C0,:iC,H,( (93:5:2) for
MicroMegas, C0,:n — pentane (55:45)
for sTGCs.

» Temporal resolution of 15/20 ns for
MicroMegas and ~15 ns for sTGCs.

» Spatial resolution ~100 um per layer.

» Resolution of a few mm on the second
coordinate for pointing at the interaction
vertex.
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NSW status in Run3 - detector conditions

channel HV status

MicroMegas sTGC

STGC SideC LV Channels Overview

r~ Digital Channels
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Analog Channels Layer 3
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Analog Channels Layer 4

Both NSWs are interfaced in ATLAS DAQ for data-taking
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NSW sector alic

Movements/deformations monitored by optical
alignment system

Both wheels tilt away from IP / towards HO
when toroid is ON (magnetic field exerting a
force on some element of the NSW)

On average 1mm shift, but up to 2.7mm
- NSWe-A tilts towards +Z
- NSW-C tilts towards -Z

Same behaviour for old small wheel

Y-ATLAS (mm)

Z-shift (x500 -> exaggeration!)
Z-shift < 0: magenta
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NSW preliminar

performance - particle rate measurements

est.2022
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Efficiency measurements
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Section of ATLAS

» Using Combined muons (muon track Two type of efficiency.

reconstructed using the ID track and MS track
combined together) or Standalone (only MS
track)

» Search for a cluster within + 5 mm wrt the
extrapolated track position

» Search for a cluster associated to the muon

» Selecting only track with p; > 15 GeV track (on-track efficiency)
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~«NSW preliminary performance - Single layer efficienc
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\—,««“NSW preliminary performance - Single layer efficienc
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Average efficiency of each MicroMegas/sTGC layer as a ATLAS NSW Preliminary
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NSW preliminary performance - reconstruction efficienc
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mean core resolution/mm

nerformance - Resolution

» Single layer resolution still sub-optimal
» Spoiled by effects from residual layer-layer mis-alligment and from the as-built geometry

» Substantial improvement in resolution expected once all effects are corrected (ongoing)

» Substantial improvement in resolution expected with new time-based reconstruction methods

L U A L A A RN A T T T T
0.7~ ATLAS NSW Preliminary :ff .
0.6 — -
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0.5 —* large sectors + —
- . -
- e -
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1 1 1 1 | 1 I 1 1 I 1 1 I 1 1 1 1 | 1 1
10 15 20 25 30

angle/degree

MicroMegas resolution obtained with the layer-

layer cluster position difference (taking into account

the track inclination)

Less effect on the mis-alignment with this method

core resolution / mm

F— 1 " 1 1 T
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0.28- —— 3
0.26 —
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0 / degree

sTGC resolution obtained with the track- cluster

position difference

Resolution improves after the charge calibration
Less effect on the mis-alignment with this metho




NSW Level-1 trigger
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pad coincidences to define a smaller region of interest and
select fast charge information from a band of strips for
centroid reconstruction.

Full Trigger Chain has been successfully
integrated into Level-1 trigger very recently, to
release the high-rate pressure and improve
efficiency in end-cap.

* Rate reduction with Tile: ~2kHz

* Rate reduction with NSW (sTGC): ~6kHz a

» MMBG strips in Level-1 Trigger (integration ongoing):
reconstruct slopes pointing to IP based on addresses of
earliest threshold-crossing strips among multiple layers.
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» The New Small Wheel was one of the largest projects to upgrade experiments at the LHC.

» More than 10 years were needed to complete it, with several issues addressed, including COVID.

» The New Small Wheel is now in ATLAS!

» There are still problems to be solved (both detector side and acquisition side) but at present the New Small
Wheel collects data, contributes to the trigger, and is used for muon reconstruction.







The ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Small Wheel

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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ATLAS Muon Spectrometer

1 Monitored Drift
Tube Chambers

2 Cathode-Strip
Chambers

3 Resistive Plate

Chambers
4 Thin Gap
Chambers
Calorfmeters
27
[Aner Detector Reclietion Shiclding
0 I 1 I I 1 I 1 I 1 1
0 2 4 6 8 10 12 14 16 18 20
meters

Monitored Drift Tubes (End-cap + Barrel) - tracking
Catode Strip Chambers (End-cap) - tracking

Thin Gap Chambers (End-cap) - trigger




ATLAS trigger logic - end-cap

o
Big Wheel EM

With NSW:

* Only track A will be accepted

* Track B is discarded since it is not
pointing to the IP (created in the
passive materials)

* Track B is discarded since it is not
pointing to the IP (multiple
scattering)




The New Small Wheel project

LM?2 (Russia +
LM1 (France) (Russia + Greece)

Two detector technologies:

* MicroMegas (primarly for
tracking)

e small-strip Thin Gas Chambers
(primarly for trigger)

16 layers to have redundancies and
to reconstruct also the second

coordinate

16 “petals” [8 small + 8 large]

SM1 (Italy)

a(pr)

<15% (@ 1 TeV)
Pr

= single layer position resolution of ~100 um
— alignment readout elements ~100 um




resolution [um]

The ATLAS resistive MicroMegas chambers - working principle
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NSW Design/Requirements:
» Reduce fakes trigger rate at L1;
» Reconstruct online muon tracks with 95% efficiency;

» Excellent spatial and angular resolutions: < 50 um and < 1 mrad;
for offline momentum reconstruction;
for online matching with Big Wheel;

» Good spatial resolution on the second coordinate: < 2/3 mm
for a better pointing of the primary vertex;

» Operate for the entirely of Run-3 and HL-LHC programme.

9P1) L 159% (@ 1 TeV)

Pr
= single layer position resolution of ~150 um

— alignment readout elements ~100 um




NSW sectors

Micromegas modules
LM1 - LM2

sTGC modules NSW large sector

NSW large sector
L1 -12-13 (exploded view)

(assembled view)

sTGC wedge
frame
2220
A
g
mount for _______________I__I}/_I_Z_ ____________ -
- sTGC wedge on o CERN (Mod.0) ~
spacer frame (3x) b . 8
- Dubna+Thessaloniki =
(prod.) ©
\ 4
2022.8

mount for sector
on NSW spokes (3x)

sTGC MM central spacer MM sTGC
wedge wedge frame wedge wedge

Canada

64 quadruplets +
6 spares

—e Chile

32 quadruplets +
3 spares

China

32 quadruplets +
3 spares

Israel

64 quadruplets +
6 spares

2210

640




NSW electronics

7.6cm
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NSW electronics

» NSW uses more than 50k radiation-tolerant Front-end ASICs with 70+ million configuration registers!
Calibrations are complicated and vital

» VMM ASIC: baseline, threshold, pulser, charge & time
64-channel mixed signal ASIC with charge amplifiers and ADCs for charge, time measurements

» ROC ASIC: internal phase —TTC & VMM data decoding
Readout control ASIC distributes TTC signals and aggregate LO data from 8 VMM s per Front-end Board

» TDS ASIC: strip charge, pad trigger, benefit-cost ratio
Trigger Data Serializer ASIC prepares and serializes trigger data and performs pad-strip matching for sTGCtrigger
purposes

» GBTx: e-link data sampling phase
Gigabit transceiver for the transmission of readout, TTC and slow control data between Front-end and Back-end

» GBT-SCA: slow control data sampling phase
Slow control ASIC for the configuration of Front-end ASICs and the environmental monitoring of Front-end
electronics




Res (mm)

nerformance anal

sis - resolutions

» Centroid resolutions measured using the
reconstructed track with the other layers
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ATLAS NSW Preliminary

Neighbour logic: OFF
VMM threshold: 9xo
VMM peak time: 200 ns

/N2 =111pum

Gcore
o,/ 12 =262 um
o /V2=168 um

weight

95% events in fit
72% events in core

a5 4 05 0 05 15 2
Residuals (mm)

Measurements a bit worst than expected due to
multiple scattering + mis-alignment between
layers (not considered)

Expected 50 um of track reconstruction
resolution in the NSW = 150 um of resolution
per plane



Reducing Sectors noise

» Recent commissioning activities have lead to the discovery of increased noise
in the sectors on wheel (both sTGC and Micromegas)

» Task force formed to investigate and potentially mitigate the problem. 'I] / r\n ,
S "[ ,ﬂhu

» Modification of grounding scheme and the addition of
grounds on detector have further improved noise levels.

Jumpers

» Addition of Faraday cages on some specific electronics
boards.

» Before and After the modifications on the MM layers

' O ] ' .
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NSW-A steps
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