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MDT efficiency decreases as a function of the
luminosity due to the dead time of the detectors.
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HC luminosity increase - impact on the Small Wheel
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The muon trigger rate dominated by “fake”
muons on the end-caps. With the luminosity

increase, this rate will become prohibitive.

New detectors are needed to substitute the innermost station of the
end-cap muon spectrometer to keep the current performance (and to

improve them) also with an higher rate




The New Small Wheel project

Two detector technologies: .

¢ MicroMegas (primarly for LM1 (France) LM2 (Russia + Greece)
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]

Collaboration Module Name MicroMegas Modules

France LM1 32/32 + 2 spares

Greece/Russia LM?2 32/32 + 1 spares
SM1 (ltaly)

Italy SM1 32/32 + 1 spares

Germany SM2 32/32 + 1 spares

First time large area

Micromegas modules

All MM modules assembled for both NSW-A and NSW-C were built!




The ATLAS resistive MicroMegas chambers

3007 * Drift cathode plane
e Conversion (and drift) gap [5 mm] with low

0.6kViem electric field (E ~ 600 V/cm)

* Metallic mesh at ground

* Amplification gap of 128 um (hold at same
height thanks to the mesh tension and the
pillars supporting it). High electric field
(E~50/60kV/cm)

* Resistive strips (to have a spark protection)

* Readout strips (to read the charge signal)
the readout strips are capacitively coupled to
the resistive strips

5 mm Conversion/Drift Gap

Micromesh

em» Copper readout strips

e Resistive Strips

Fast positive ions evacuation = high rate capability

Resolution flat as a function of the angle (~150 pum)




MicroMegas integration: CERN

. 4. Cosmic ray stand
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» Modules from
construction sites

» HV and gas leak tests

» Integration into a double-
wedge

» Alignment of the wedges

1. Temporary storage

> Installation of the services | AP oy N
NSW large sector sTGC modules NSW large sector Micromegas modules

( LV, HV, Cool | n g’ . ) (assembled view) L1 -12-13 (exploded view) LM1 - LM2

» Electronics installation

sTGC wedge
frame

» Cosmic stand

mount for
~ sTGC wedge on
spacer frame (3x)

mount for sector
on NSW spokes (3x)

sTGC MM central spacer MM sTGC
wedge  wedge frame wedge  wedge




MlcroMe as mte ration: CERN track reconstruction

Track reconstructed with a 3D fit
* Atleast5 layers

* Atleast 2 eta + 2 stereo layers
e Cut on the y? probability
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Mean cluster charge (fC)
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M performance analysis - efficiency and cluster charge
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ATLAS NSW Preliminary

Neighbour Logic: OFF
VMM threshold: 9xo
VMM peak time: 200 ns od
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—&— A14 - Layer 6 (eta)
—&— A12 - Layer 7 (eta)
—&é— A10 - Layer 7 (eta)
—$— A10 - Layer 5 (stereo)
A16 - Layer 0 (eta)

A16 - Layer 7 (eta)
AO08 - Layer 6 (eta)
AO02 - Layer 6 (eta)
4— AO06 - Layer 6 (eta)
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ATLAS NSW Preliminary

Neighbour Logic: OFF
VMM threshold: 9xo
VMM peak time: 200 ns
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» MOST IMPORTANT GOAL: measure the efficiency of

each layer of each double-wedge

» Search for a cluster within +£5 mm (+10 mm) the

extrapolated position
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Res (mm)

MM performance analysis - resolutions
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MM performance analysis - isobutane
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NSW integration

» Standard procedure defined to do the
commissioning of the Sectors.

» Commissioning of a Sector takes ~5 days.
» The commissioning of the NSW-A is completed.
» The commissioning of the NSW-C is ongoing.

e el i I st QR v ication
Connections Tests

Cooling connection : : Electronic + trigger
Fibres connections .
+ LV cable commissioning




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.

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

» Addition of Faraday cages on some specific electronics
boards.

» Before and After the modifications on the MM layers
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» Noise increase with the strip number due to
capacitive effects between the strips (expected)

» Studies made at the cosmic stand (controlled
situation) show that increasing the strip charge
thresholds, the effect on the single plane
efficiency is negligible
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The noise problem on the Wheel now is
solved!




Sector Installation and Commissioning
mm mm

Small done Small done
Al4 Small done C12 Small done
Al16 Small done C16 Small done
A10 Small done C10 Small done
A08 Small done C08 Small done
A02 Small done C13 Large done
A06 Small done Cl1 Large done
A04 Small done C09 Large done
Al13 Large done C02 Small done
All Large done Cco6 Small done
A15 Large done Cco4 Small done
A09 Large done C15 Large done
AO01 Large done CO1 Large  ongoing
AQ7 Large done Cco7 Large  ongoing
AO03 Large done C03 Large  ongoing

AO05 Large done C05 Large today



NSW-A steps

022/~ bwer: ip~ef the NSW-A
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Conclusions

4 Inclusion of the NSW into the ATLAS detector is imperative in order to maintain high trigger efficiency and
momentum resolution in the high-luminosity environment of the LHC and HL-LHC for years to come.

Production of both sTGC and Micromegas modules is completed while wedge assembly at CERN has kept pace.

(;é/)

%‘ Performance studies shows that the MicroMegas are performing well as expected.

Y Results with the Ar:CO2:CsHioshow a more stable HV behaviour for MM; ongoing long term ageing study.
%)

Noise investigation: major effort to fix unexpected high levels; remaining effects have negligible impact on the
performance.

5?) NSW-A is ready to take data.
Y NSW-Cis going to be ready in the beginning of October.
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The ATLAS detector T

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

2~ SECTOR 12
ALICE \\T CTO!

Small Wheel

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker




LHC / HL-LHC plan

HilLumi

LARGE HADHON COLUDER

£) LHC/HL-LHC Plan

HL-LHC
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ATLAS Muon Spectrometer

meters
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Tube Chambers
T |
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Celorimeters Enck-cap
2 Tormicl
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Monitored Drift Tubes (End-cap + Barrel) - tracking

Catode Strip Chambers (End-cap) - tracking

Thin Gap Chambers (End-cap) - trigger




ATLAS trigger logic - end-ca

oW
Big Wheel EM

With NSW:
* Only track A will be accepted
e Track B is discarded since it is not

| | pointing to the IP (created in the

passive materials)

El . . .
(- C * Track B is discarded since it is not
New Small Wheel D pointing to the IP (multiple
A 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 (ltaly)

a(pr)

<15% (@ 1 TeV)
Pr

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




The ATLAS resistive MicroMegas chambers - workin

rinciple
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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)

pPr
= single layer position resolution of ~150 um

— alignment readout elements ~100 um




uTPC test beam results

Single layer resolution of SM2 from test beam for different clusterization methods and different setting of the VMM
readout chip. The numbers are indicating the single layer efficiencies.

650 —
g - ATLAS NSW Preliminary UTPC core resolution
~ [
S 600 — time corrected: core resolution
5 550 — centroid resolution
s E  90% -
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= HVSmpS: 580 V
400 Threshold: 6x RMS [5000 ENCs]
— Track angle: 28°
350 —
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300 24 % 81 %
250 f— o 73 % 5 96 %
- 90 % 939, 93 %
200 62% ° | |

PT 100ns; SNG Off PT 100ns; SNG ON PT 200ns; SNG Off PT 200ns; SNG ON




NSW sectors

Micromegas modules
LM1 - LM2

sTGC modules NSW large sector

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

(assembled view)

sTGC wedge
frame

mount for
~- sTGC wedge on
spacer frame (3x)

mount for sector
on NSW spokes (3x)

sTGC MM central spacer MM sTGC
wedge wedge frame wedge wedge

Canada

64 quadruplets +
6 spares

— Chile

32 quadruplets +
3 spares

China

32 quadruplets +
3 spares

Israel

64 quadruplets +
6 spares

500

2210

5

1410

CERN (Mod.0)
Dubna+Thessaloniki

<

640




sTGC

» Primarily used for triggering; Pads
» CO,-n-pentane gas (55%:45%); \‘\‘ A ‘_

» Wire, pad, and strip readouts;

. Wires
» Strip pitch: 3.2 mm - much smaller than TGC, hence “small”;
» Pads for local triggering; e o
” 4 S Cambon,
» Good timing resolution with short drift time for electrons; 44— Wt

» Construction sites: Canada, Chile, China, Israel, Russia. Strips —




