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ATLAS and the New Small Wheel Project

ATLAS went through major hardware Muon detector stations at the Endcap
upgrade during LHC Long Shut 2 (2019-

2022) to improve trigger and maintain
remarkable detector performance in high
pile-up environment after Run 2.

NSW Big Wheel

Muon New Small Wheel (NSW) Outer Wheel

Upgrade: [ATLAS-TDR-020]

* Replacing innermost Muon station
in the forward region with
completely new detector to provide
good trigger and tracking at End-
cap with high background rates (up
to 20 kHz/cm:2) towards HL-LHC ATLAS

EXPERIMENT

End-cap
Toroid
Magnet
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https://cds.cern.ch/record/1552862/files/ATLAS-TDR-020.pdf

Muon Level-1 trigger at Endcaps

. |evel-1 Muon trigger at End-cap with

NSW is designed to provide precision trigger (1.3 NSW after phase-| upgradey, e ew
< |hl <2.4) and tracking (1.3 < |hl <2.7) for | |
muons in the ATLAS forward region. H

|

ew >ma ee c

Expected Level-1 muon e » )
trigger rate reduction w. NSW Ear A

-—-""'"B

\

end-cap (“
toroid

5 10><103
o B et et IR -
o - ATLAS Preliminary 3 P - z
B 9 Data 2017, {5 =13 Tev JLdt=2.9fb'1 E
2 8F —uimuz02017 —
5 75_ %:2}22::: :)y/;;ll:?ccgllgc;fse::;lcidence (estimation) _E NSW_ to meetlng phase_l &' phase_” upgrade goals
C [ rejected by NSW coincidence (estimation) =
[ expected distribution in Run 3 ]
6 [ offline reconstructed muons _ _ _ _ _ ___ = . . .
e I 3  Offline muon construction: 15% p- resolution
i o E at ~1TeV/c. 97% segment reconstruction
ok _with NSW efficiency for muon p;>10 GeV/c.
2 * Online (Level-1) triggering: segments
1 measurements with up to 1 mrad pointing
0 accuracy (Phase-Il requirement)
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Muon NSW detector

Two Novel Gaseous Detector Technologies Employed:
O Resistive Micromesh Gaseous Structure, Micromegas (MMG)

O Resistive cathode Small-strip Thin Gap Chamber (STGC)

sTGC wedge sTGC wedge

™
i

\ MM quadruplets
Spacer

~10m

Readout channels (25x replaced system):
¢ MM: ~2.1M
« STGC: ~ 280k (strip) + 46k (pads) + 28k (wires)

Detector area: ~2400m?2

2023/07/19

First time construction of large area MPGDs

A } .\. Drift Electrode_ 300V A
! € ;

e
Smm : Conversion/Drift Gap s \\” E Field
: w“

Micromesh

Amplification Gap E Field

B
128 pm :

+500V A

@a=» Readout Strips
e Resistive Strips

MMG

STGC Pad

Resistive
Cathode

Insulator (0.1 mm)
Strip (pitch 3.2 mm)
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NSW Timeline:

TDR MMG+sTGC detector integration
De 2018

It will contribute to NEW precision and NEW

Side-A wheel completion
July 2021

11111

August 2021

As Al

physics in coming decades!

Commissioning in
ATLAS

Now

Dec 201
First sector installation on JD

Side-C wheel completion
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NSW in the ATLAS detecting system

After over-ten-year efforts, NSW joined the Run-3 Display of di-muon event
ATLAS data-taking on Jul. 5t of 2022! recorded with NSW segments

ATLAS

EXPERIMENT

We will now switch to the commission and performance of NSW in Run-3 data
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NSW status in Run-3 data taking

. \IMG HV general status STGC HV Status side C

= 99% MMG and 98% STGC HV channels could hold nominal HV
with working gas components. MMG Ar:CO2:iC,H,, (93:5:2);
STGC CO,:n-pentane (55:45).

i

> 99% working
= Cooling, HV and LV are operational with DCS (Detector Control
System)
= Both NSWs are interfaced in ATLAS DAQ for data-taking Inclusion of NSW DCS in the ATLAS DCS main panel

Control and
R LER  \onitoring for:
L * Detector HV
=E » Electronics LV
 T-sensor
B-sensor
« Cooling, Gas

& [RUNNING] ATLAS

Online Segment
[RUNNING] TDAQ
[RUNNING] InnerDetectors
[RUNNING] Calorimeters
[RUNNING] MuonDetectors

|

<[ e

+

+

+

infrastructure
i [RUNNING] MDT
¥ [RUNNING] TGC
&l [RUNNING] NSW
[RUNNING] NSW-Global-Gnam
[RUNNING] NSW-RecoveryController
[RUNNING] NSW-RecoveryService
[RUNNING] NSWEndcapA
[RUNNING] NSWEndcapC
[RUNNING] NSW-A-swRods

+

+

+

il [RUNNING] NSW-C-swRods
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Sector Logic Board

NSW Electronics

. Twinax. - }
Strip FEB — ‘ﬂmgms = Complexity: 55k ASICs + 5k Front-end
—_ FIBRE
O Sl 9o P et ) / . ] l
2 o | TS | et Trigger | S e Carc}s'_' ~
\ s l From Big Wheel
— 1
(Db‘ repedfel \\ sTGC @
strip Twinax | H Router RIM Trigger Processor

- > P

/ Logic

7.6ecm

FIBRE
/
NS
=
SCA
2 TTC from CTP swROD |/,
—’ -
=1 [vvm 64-Ch ASD PPl /
%
10\‘ X i
Ot 44na >< DCS
? | ROC E—dGerx FIBRE FELI ~ et
Pad Trigger Board t \
g A L1DDC  [sca
B _ LV Power SCA Calibration Config
B
— = Y \
= ] stac Trigger Event
— y ] common \_ Monitor Monitor
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NSW DAQ commission and calibrations:

P -~~~ \, .
NSW uses more than 50k radiation-tolerant Front-end ASICs | IRl B { iLiDDC i Fiber (CTP-ALTD
: - . , : | : : i L1A .. Tl i P , TTCinfo
with 7Q+ million co_nflguratlon registers! Calibrations are i wiM | = 2B9C =1 cBx gg(:% R Py
complicated and vital (backup) ; L0 data Lt dataj Tl FELIX | |1 data Bl
. . | I A R SR TI
* VMM ASIC: baseline, threshold, pulser, charge & time ; \ - o ScA i Slow control (AP
64-channel mixed signal ASIC with charge amplifiers and ADCs for |Front-end Boards " ”E? P ! | R
. 1 (pFEB/sFEB/ MMFES8) [ S——
charge, time measurements R — !
— Time, Trigger, Control Imyy Represents an interface requires dedicated phase alignment
* ROC ASIC: internal phase — TTC & VMM data decoding — Readout Data ld Represents a device needs dedicated trigger matching adjustment

— Slow Control

Readout control ASIC distributes TTC signals and aggregate LO data
from 8 VMM s per Front-end Board

Additional calibrations:

* PDO (Peak Detector Output ) for cluster reconstruction
* Timing window latency

 TDO (Time Detector Output)

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

* GBTx: elink data sampling phase

L . . STGC strip hlts arrlval time
Gigabit transceiver for the transmission of readout, TTC and slow - SHipTi

control data between Front-end and Back-end é i
e GBT-SCA: slow control data sampling phase = : ; e A
Slow control ASIC for the configuration of Front-end ASICs and the . % T mﬁt Tlme Wme\Q{ Sirip ohanRdl

environmental monitoring of Front-end electronics
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Muon Reconstruction with NSW

” x10°
5 T L LI LI LI R R
D | $E ATLAS NSW Prefiminary ;
-(% 2000F- s =13.6 TeV, Run 439519 -
% C VMM Neighbour Logic: ON .
The NSW is fully integrated into the ATLAS muon £ ool HV: 2.8 kv 3
. c C Average Cluster Size: 4.36 ]
reconstruction software (ATHENA). 2 - .
Muon Hits o . E T ]
1500 — L. . .
Clusterization of Hits : STGC Strip Cluster size:
@ above threshold 1000 - =
STG+MMG Clusters s00 - E
@ Parttern finding and 0_| ‘||IIF|_|_2|_I_I'II:;IIII4|-IIII5|II?|77'7 8' Sllg|c;llll1|g||_
. trip Cluster Size
2D Track segment Transverse coordinate seeded
| Run number: 423110 - Event number: 789870 |
T | _ , .
3D Track segment £, 2080 agmb'::'\ed Muson, Al.ft::);: MuGirl —
C b . N SW m nt o I icroiviegas ector: ® ]
ompine segments S 2070 n=194-¢$=-2.83 " -
. - | - ] ]
U with other muon subsystems | BymdAGeY :
ATLAS Muon @ 2060 -
© B :
Spectrometer tracks ) : :
G 2050~ =
. . 5 L] =
@ Combine with track segment sosof- . 5
Combined Muon in ATLAS inner detector " * Track reconstructed using 8 MM Ié_yers
2030'1[,..,.,‘...1;,1,,Ll.‘,,i,l,l,,.l._
Tracks 7080 71[oo 7120 71140 7160 71180 72100 7220 7240 7260
GLobal Position Z [mm]
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NSW preliminary performance in Run-3 data  in-siwdetector/oaa

o SS—— ATLAS N iy unsadioz 155U Fed In YETS
E _' | I,I,I..‘ | T ': 9
The inclusion of NSW in Run-3 d ded unbelievabl > 4 s 695 3
e inclusion o in Run-3 demanded unbelievable 3 9 5§ MMG+ STG
expertise and efforts; the commission demands further long- o 2of 085 £ in 2022
term commitment and the understanding is developing. 8 2
(0 075 ©
Various performances in early Run3 (2022) will be illustrated o SN Woes o
first, many have been significantly improved during Year-End B L S 6 £
Technical Stops (YETS). -4 g 055 3
| I Lo L NI L w
. . -4 -2 0 2 4 ’
MMG In 2023 STG In 2023 alobal X /m MMG+ STG
ATLAS NSW Preliminary, Run 452163 ATLAS NSW Preliminary, Run 452163 ATLAS NSW Preliminary, Run 452163 |
E 5:|||.|||H\‘\|||||||||||||||\H‘\III‘\ 1 E 5:|||.|||||||||||||||IIIII 1 E 5EI§.I(j|IICI:|III|III|III|IIII|III|IIIIIIIIIlljl‘lln 2023
>_‘;4;S|deC e 005 > f_SldeC L 0.5 % - iae I H; =005
% 3 0.9 ?D:: 3 ..‘ F | 0.9 %’ 2—0.9

global X [m] global X [m] global X [m]
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Alignment & Resolution
B

Y-ATLAS (mm)

An optical based alignment system installed and commissioned for
tracking the movement, deformation of the NSW detectors.

Detailed studies are continuous to understand the detector movement
and NSW alignment performance with offline tracks, benefiting from
dedicated Toroid-ff Alignment Runs

mean core resolution/mm
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NSW MMG Z shifts by the alignment system

ATLAS Muon System Preliminary
NSW Side-A MM HO Chambers
Z Axis Shifts
Scaled by x500

Sector 5

Sector 13

| | |

Toroid-off: []
Toroid-on: []

View towards IP
+Z out of the screen

|

|

-2000 0

2000

4000

X-ATLAS (mm)

6000

spoiled by effects from the residual
misalignments and the as-built
geometry that are currently under study

Absence of corrections degraded the
resolution (worse with higher angles).

Optimized and closer to target
resolution in data taking 2023.
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NSW and Level-1 trigger: Pad trigger occupancy

I ATLAS tuon Sysiem Prefmnany, REWHreger . Pad s
y ‘_I T T | T T T l T T T | T T T | T T T | T T I_ 107
_ _ o _ [MM] - Run 440613 d Wheel C -
sTGCin Level-1 Trigger: pad coincidences to define a smaller - M.
region of interest and select fast charge information from a band - 1
of strips for centroid reconstruction. 2000k 1 J108
sTGC Quadruplet ad 2x 3/4 layers i i
: P e ||| ma | pad - T I 1 =10
VMM TDS Trigger . . |
coincidences 0l oo ot —]
Paqu strip 6b ADC / I lllllllm||| l =
stri s Sector IT “\\\\\\\\\ 1 10
1 VMM '['DS]J | | Router |, erTl(’:;gcess.or_ Logic [~ - \\\\\\\\\ \\\\‘\\\\“ 7
. — g 2000)- e TR -
J Strip band T!DS: trigger data ser_lallze ASIC for L - 102
\ (~13 strips) mggcehr data preparation, strip-pad i
—4000F— 10
MMG in Level-1 Trigger: reconstruct slopes pointing to IP -
based on addresses of earliest threshold-crossing strips — 2000 20000 %000 doog
among multiple layers. X [mm]
v T— ‘
1 : : ; @*i / ADDC — La — . ‘
it A s — M Tigger Processor] % Logie Full Trigger Chain has been successfully
437 moaee SCA . . .
et L = integrated into Level-1 trigger very
4 s BT road k .
it Ei al recently to release the high-rate pressure
e L GBTx . . . .
s — and improve efficiency in end-cap.
G T e, S
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S umm ary The performance has been

significantly upgraded during
YETS based on the experience of
data 2022.

The New Small Wheel upgrade:

* largest ATLAS phase-I upgrade project.

* Improving the Level-1 muon trigger and tracking in the ATLAS forward
region towards HL-LHC runs.

NSW with two innovative sub-detectors, Micromegas (MMG) and small-

strip Thin Gap Chambers (STGC)

e fully commissioned and installed in the ATLAS cavern: Milestone for
ATLAS during LHC Long Shutdown 2.

NSW joined the ATLAS Run-3 data taking in the very first day with solid

performance during months of data taking!
* Already significantly improved the end-cap L1 trigger in recent runs.

Challenges and opportunities ahead with more data and higher quality /

2023/07/19 Lepton Photon 2023
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HiLumi

LARGE HADRON COLLIDER

LHC HL-LHC

13.6 TeV 13.6 - 14 TeV

13 TeV ey
Diodes Consolidation

splice consolidation cryolimit LIU Instaliation , HL-LHC
7 TeV ﬂ button collimators interaction . inner triplet R x
R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation

|z | e [[]

5 to 7.5 x nominal Lumi

ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS

PERNRISS nominal Lumi _E_x_n'ﬂim ALICE - LHCb 1 2 x nominal Lumi i bl s

75% nominal Lumi | /_ upgrade
m integrated JEAUUVRIE

m m luminosity REGIIE ()

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY € PROTOTYPES / CONSTRUCTION l INSTALLATION & COMM. “H PHYSICS

HL-LHC CIVIL ENGINEERING:
DEFINITION EXCAVATION BUILDINGS
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Backup: MMG electronics

O ————
Location of MMFES/L1DDC/ADDC on a MM sector (8 planes)

Spacer frame between
two wedges
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Backup: STGC electronics

ATLAS NSW sFER s
VSR T 018Y S e
_EnRedin_ . Designed by Peng BIES & Gold Jin ® ppag —Se e fapwa

by GRBT- ; - = y
\::\I SCA ROC \;l‘\l - = \::'\l 7.6cm

strip-  strip-
™S ™S

LI AR AL A R kd B

212582140 | §

27.5¢cm

Pad Trigger Board - Rim L1DDC 8x Router

B
(E
E
=
&

2023/07/19 Lepton Photon 2023



Backup: sTGC performance
B

Raw sTGC Strip Cluster Charge sTGC Strip Cluster Size vs muon 7

%10

E T T T T T T T T T 17T T T T T 17T | T T T | T 17T | T T | T T | T T | T T g" 9 — I I I I I | I I I | I I I ‘ I I I I I —
3] C 7 ()] _ -
[%2] — — — - . . |
5 400 ATLAS NSW Preliminary g .- ATLAS NSW Preliminary -
L — =0

g Vs =13.6 TeV, Run 439519 o C /s = 13.6 TeV, Run 439519 7
g - VMM Neighbour Logic: ON 7 £ C VMM Neighbour Logic: ON -
g 00 HV: 2.8 kV - @ - HV: 2.8 kV —
s MPV: 487.50 fC - g -
5 250 — No Pedestal Subtraction — z 6— ]
g ~ ] r _
£ - - C N
S 200- = 5 —
= = - ¢ e o .
150 — — - ®e®e .
= 3 4;_....--.0000 [ ] eq
100 = — - -
50 — = 3— -
0 = coa v bvv s b b e b T TS T S = L T T ' [ | -

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2 5 1 0 1 5
Raw Strip Cluster Charge (fC) Muonm

2023/07/19 Lepton Photon 2023



Backup: MMG performance
B

MM Cluster Size MM Cluster Size vs muon 7
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NSW preliminary performance in 2022 data
B

. sTGC Strip Cluster Charge vs muon 7 MM Efficiency curve vs HV
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