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A The Large Hadron Collider will undergo several major upgrades until 2032:

A From LS2 untilend of Run3: L m2x10%* cm=?s?, L, ~500 fb-!

ATLAS and LHC upgrades

A From LS3 until end of Run 4: L mb5x10%** cm?stand L, ~1500 fb-!
Preliminary schedule of HL-LHC
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A The experiments will have to undergo upgrades in order to handle the significant increase in event-rate and keep high efficiency.

Integrated luminosity [fbo™']

A The largest detector upgrade for ATLAS during the Long Shutdown 2 was the replacement of the innermost muon endcaps:

New Small Wheels
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A fiOld 6 Small Wheels employed Monitored Drift Tubes (MDT), Cathode Strip Chambers (CSC) and Thin-Gap Chambers (TGC).
A Significant degradation expected at high luminosity:

A MDT efficiency drops significantly ~ (down to ~70%) at the expected rate for an instantaneous luminosity of 1x1034cm-2s-1

A More than 80% of Leveli 1 muon trigger rate are fake triggers not re-constructible offline (cavern background).
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Z
Schematic of ATLAS muon trigger. Existing trigger accepts _ g
all three tracks. The fake tracks (B and C) can be rejected in MDT single tube and chamber efficiency vs rate

the trigger by the addition of the New Small Wheel.

Mandatory to improve the tracking and triggering performance of the muon detectors to

match the requirements of the future High Luminosity LHC
Artur Coimbra VCI 2022
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@) The New Small Wheel Upgrade }/

Composed of:
22 Innermost Muon end-cap Stations

K16 sectors (8 small, 8 large) each.
A16 detector planes in two multilayers.

AEach multilayer: four small -strip TGC ( sTGC)
and four Micromegas (MM) detector planes.

APrecision tracking and trigger detectors able to
work at high rates.

Novel Electronics:
ANSW consists of 2.4M analog channels. ATLAS Muon spectrometer 1.2M.

ACustom rad-hard ASICs were designed and produced for NSW:
I VMMa3a (frontend ASIC)
I Read Out Controller (ROC)
i Trigger Data Serializer (TDS)
i Address Real Time (ART)

Layout of a small sector
Artur Coimbra VCI 2022 5



@ The resistive -strip Micromegas }/

~/ 7
EXPERIMENT

A Significant dedicated R&D to address the shortcomings of standard Micromegas (high spark rate and HV voltage breakdown)
A Resistive strips scheme:

AStripswi t maj few Mg/ cm on top o05%0s magon @yertin betwveerd. ps, wi t h a

A Signal induced by capacitive coupling on RO strips.

A Resistive strips instead of a resistive layer to limit the spread of charge to neighboring strips.

A Stacked in four layers per detector (spatial resolution <100em)

Cathode Outer skin
A Efficient protection of sparks also in very harsh environment. g o
Embedded resistor Resistive strips . P r q1DrlftpaneI ___________________________
15-45 MQ 0.5-50 MQ/cm | % Drift Electrode =
A .\ - -aoovA
. 1‘ X 2 - Read-out panel x2  etastrips

\e  Micromesh

3 - Drift panel x2

: -
5mm Conversion/Drift Gap ": & \., E Field
53 . - * 7 tl o

4 - Read-out panel x2 stereo strips

@ Readout Strips ! -
400 pm '71

e Resistive Strips

5 - Drift panel

]
Readout Cu strip L

Insulator

Cross sections of a MM layer Electrical diagram of a MM layer Stacking of four MM layers

A Produced in 5 countries in 4 different flavor for Small Sectors and for Large Sectors.

Artur Coimbra VCI 2022 6
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A Inheriting from well established and successful TGC detector technology.
A Good timing characteristics.
A Pad readout provides fast pre-trigger to determine the strips to be sent to the Trigger Processor.
A Precision strips for muon track reconstruction at level of ~1000m at hi gh event r ates.

A Stacked in four active layers per detector.

GND plane-

Pad cathode board~_
100um Pre-preg-. N\
Carbon coating—__

signal
Pickup Strip
_~Readout Pads Carbon \ / _&_‘A-

Al
) Iy,

Il
/ 1.8mm FR4
Strip cathode board—

GND plane—— 7 Readout Strips 0/ e

e :ion

Graphite coating—__

100um Pre-preg— ; ™

Section of a sTGC layer with relevant

Electrical diagram of an sTGC layer
components

Stacking of four sSTGC layers

A Produced in 5 countries in 6 different flavors for Small Sectors and for Large Sectors.
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@TLA Detector Integration at CERN \/

A MMs and sTGCs detectors were then sent to CERN for integration into wedges.

A Workflows and testing procedures showed several chambers needed fixes when arriving from Construction Sites.

A Gas tightness (higher than specified leak ratesé ) For MM, if chambers did not
fulfill the specs: reopening,
repairing and testing again A

hospital facility
- /

Services & Elx
|$ Long Term I:>

A HV problems (large leak currents, discharges..) A conditioning, fixes

A Electrical grounding (different implementation from construction sitesé ) A reduce noise

A Envelope optimization.

“Reception” Tests Mechanical Assembly Faraday Cage
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MM integration workflow at CERN STGC integration workflow at CERN

A In total : 70 sTGC wedges integrated (few spare wedges), 64 MM wedges integrated (no spares).
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Surface commissioning

A Very high noise was observed on MM and large sectors of STGC after installation.

A MM: traced to implementation of FEASTs on ADDC cards.
A Coupling between ADDC cards and detector structure.

A sTGC: implementation of grounding on adapter boards varied from CS
A Large susceptibility to any electronic noise source.

A Noise task force established to address issue.

A Several important recommendations:

Artur Coimbra VCI 2022
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A Very high noise was observed on MM and large sectors of STGC after installation.
A MM: traced to implementation of FEASTs on ADDC cards.

A Coupling between ADDC cards and detector structure.
A sTGC: implementation of grounding on adapter boards varied from CS

A Large susceptibility to any electronic noise source.

Surface commissioning

A Noise task force established to address issue

A Several important recommendations:

e -
Kapton layer for electric isolation /
between board and copper cage

Electronic board with cooling aluminium plale/ ot : _

Graphite layer for thermal conductivity
between aluminium plate and copper cage

Artur Coimbra

Faraday cage on ADDC cards

B

\% —— Faraday cage made of copper
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A Very high noise was observed on MM and large sectors of STGC after installation.

Surface commissioning

A MM: traced to implementation of FEASTs on ADDC cards.

A Coupling between ADDC cards and detector structure.

A sTGC: implementation of grounding on adapter boards varied from CS

A Large susceptibility to any electronic noise source.

A Noise task force established to address issue.

A Several important recommendations:

Added filtering to ICS outputs

Artur Coimbra
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A Very high noise was observed on MM and large sectors of STGC after installation.

Surface commissioning

A MM: traced to implementation of FEASTs on ADDC cards.

A Coupling between ADDC cards and detector structure.

A sTGC: implementation of grounding on adapter boards varied from CS

A Large susceptibility to any electronic noise source.

A Noise task force established to address issue.

A Several important recommendations:

MM grounding braids to spacer frame

Artur Coimbra
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Surface commissioning

A Very high noise was observed on MM and large sectors of STGC after installation.

A MM: traced to implementation of FEASTs on ADDC cards.
A Coupling between ADDC cards and detector structure.

A sTGC: implementation of grounding on adapter boards varied from CS
A Large susceptibility to any electronic noise source.

A Noise task force established to address issue.

A Several important recommendations:

STGC grounding braids to Faraday cage

Jumpers

mlm; i

Jumper.

R B W 5 D

Jumpers

Artur Coimbra VCI 2022
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A Very high noise was observed on MM and large sectors of sSTGC after installation. g ‘;‘;L“-,‘.‘f:,‘,‘;'?; g Lo
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[ Successful intervention significantly reduced noise to operating levels
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@ ATLAS cavern i MM
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A NSW-A installed mid-July, 2021; NSW-C installed early-Nov, 2021
A Both wheels with gas since their installation and HV on as much as possible.
A Connectivity checked and cooling tuned for both wheels.
A Baselines and calibrations taken on sectors continuously and simultaneously
for many sectors and continuously to monitoring.
LV/ELX
A NSW-A:
A 4 LVBDs not working.

A Some sectors see slight noise increased after movement to run position.

A Investigation ongoing. s

70—
26000: Vi EGOOOE— VMM average noise § § § §
& E ! = E ! [~ Point 1 g 6n Ea
2 5000F- : |-—= ésooog—g—»xg- R
“ 4000f 4000E- i | i
30005 3000F HE
20005 2000E
10008 10008
A NSW-C: 07060 2000 3000 4000 5000 6000 7000, 5000 Q_".7000 2000 3000 4000 5000 6000 70005000
: SE channel okt channel
A All LVDBs working. AO05 pre-movement AO05 after movement

A No increase of noise observed after movement to run position.
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@ ATLAS cavern 1T MM )

EXPERIMENT

A Began ramping up voltage early-October on all the chambers to 550V (nominal: Ar:CO, 93:7 - 570 V <i > Gain~6500).

A Lowered all chambers to 530V in preparation for pilot beam.
A First beam splashes on MM of NSW-A on 22nd Oct @530V.

M - .
[MG PS - Channel : EIZ2R2A10 RO L1 PCB3 (S)‘S‘@) Safety voit
B Time Range ~| ¥ Aums ~ Other ~ 11 g auto : NE

RO oK

/ Voltage | 85579 V
| Current BIEEGD uA

| g ' '
N T B
Fn?’Ol’O’lOS]OOOF L I'.
HCEST 2
F“‘ Od mm“,,, FVCEST o Fu? 0!20 1 08:35; OOPP1CES‘
CAENPSAI
“ ATIH'J& hV»\\A_NP‘J(JG{Lb.t Q)% [

iPeak 0.0 uA

= ATLMMGHVA-CAEN/PSIMMGOR boski -

ATUMMGHYA CAEN/PSMMGI2/boan 5
i : e
ot i FChahnel Setingg———————————————— —__ SR
Vo Wi = TN
Rand RasL 0 IMonAdij tUn oM s ST a2 e —

A10 SM217 IP L1 PCB3 @530V Ramped to 550V
Train of splashes peaks at ~5nA Train of splashes peaks at ~20nA
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@ ATLAS cavern 1T MM

EXPERIMENT

A However, overall HV picture remained as observed during surface commissioning.

A Status during surface commissioning in Ar:CO, HV,,>550V (very similar to situation in P1):

NSW-A 500 o
<560V V Ar . CO <560V V
21% P
79% good i (93:7) 25%
A St 570 V
gas gain gas gain

5000 5000

Artur Coimbra VCI 2022
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@ ATLAS cavern 1T MM

EXPERIMENT

A However, overall HV picture remained as observed during surface commissioning.

A Status during surface commissioning in Ar:CO,, HV,,>550V (very similar to situation in P1):

NSW-A o e
<560V V Ar CO <560V V
21% ' 2
79% good i (93:7) 25%
orQN Rt 570 V
as gain .
Y5000 Yy e

A Switching to admixture of 2% of isobutane (Ar:CO,:iC,H,):

HV < 490 V jp— 3 HV <430 V R

HV > 4%0 Vv

0 : 0
2% Ar:CO ,:Iso 2.7%
98% good (93:5:2)
SM1 + LM1: 505 V @ P1 SM1 + LM1: 505V
gas gain 4800 gas gain 4800
SM2 + LM2: 520 V SM2 + LM2: 520 V
NSW-A gas gain 7300 gas gain 7300

Artur Coimbra VCI 2022
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@ ATLAS cavern 1T MM

EXPERIMENT

A However, overall HV picture remained as observed during surface commissioning.

A Status during surface commissioning in Ar:CO,, HV,,>550V (very similar to situation in P1):

NSW-A . S
<560V V Ar CO <560V V
21% ' 2
79% good i (93:7) 25%
oHON Gt 570 V
as gain .
95000 e

A Switching to admixture of 2% of isobutane (Ar:CO,:iC,H,,)

HV < 490 V p— — HV <430 V

2% Ar:CO ,:iso 2.7%
93:5:2)
98% good (
SM1 + LM1: 505 V @P1 SM1 + LM1: 505 V
gas gain 4800 aas gain 4800

NSW-A g <2% of channels not at nominal

™7
~
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@ Alternative NSW gas mixture 1 MM V
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A Not all HV sectors of the NSW MM quadruplets are capable to run at 570V (nominal working point) in Ar:CO, (93:7):
A Sudden discharges and fatal degradation of sectors had been observed (experimental setups and in production quadruplets)

A Quadruplets operating under nominal conditions in Ar:CO, are at the limit.

A Proposal to switch to an Ar:CO,:iC,H,, (93:5:2) gas mixture:
A Re-enables the safe operation of otherwise faulty sectors.
A Lower amplification voltages to reach better performance.

A Need to evaluate aging issues with isobutane admixture.

A Intense aging test campaigns ongoing with the new gas since long.

No indication of aging observed so far (~10y HL-LHC equivalent has been reached in GIF++ on spare MM modules).

A Final review on gas choice for Run 3 took place on 2nd of February. Review outcome received:

[ The panel recommends to start Run 3 with Ar -CO2-iC4H10 93-5-2. ]

The ATLAS MM team has gained an incredible amount of knowledge, analysis and reaction capacity. The MM detector is in good hands.

Artur Coimbra VCI 2022 20
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ATLAS cavern

I sSTGC

A Working gas mixture (CO.,/n-pentane) running in chambers since end of Oct.

A First splashes on sTGC on the 22nd Oct @2.8kV.

A Peaks of current of a few £ Aregistered on current plots.

A Current approximately the same and in time across layers!

A Recent monitoring and archiving issue of HV data overcome:
A Update rate in DCS monitoring of 2s during Pilot beam
A Prevented debugging and recording I/V for some layers.

A Added one more branch controller per side.

Artur Coimbra VCI 2022
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@ ATLAS cavern 1T sTGC

EXPERIMENT

©)

High Voltage e o
ANSW-A:

A 4 quad layers recovered.

A 8 quad layers not usable (6.2% of total)

— HO Quadruplet
Layer 1

i~ Layer 4

A NSW-C:

A 1 quad layer recovered.

A 6 quad layers not usable (4.7% of total)

— IP Quadruplet
Layer 1

LV/DAQ

A 1 FEB was recovered.

A All rim crates (part of STGC trigger path) tested.
HO Quadruplet NSW'C

Layer 1 Layer 2 Layer 3

A Baselines and trimmers taken for all sectors A no increase in noise observed.

A Trimmer code to be reviewed to improve performance.
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@ ATLAS cavern 1 sTGC }/
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Test of the Pad Trigger module with real tracks.

A Significant developments on trigger logic implementation on Pad Trigger.

A Pad Trigger is a pre-trigger to determine which strips data to be sent to the Trigger Processor.

Al mpl ememiddéld | dgi c .

A Readout Pad Trigger module in self-trigger mode to check the Pad Trigger module& functionality with real tracks.

A Test showed that Pad Trigger find real tracks and not false coincidences from noise.
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@ ATLAS cavern 1T DAQ and DCS

EXPERIMENT

A Significant effort from DAQ experts to have NSW part of ATLAS partition during pilot beam.

— =
3c 2 4

,,,,,,,

A Encountered stability problems with FELIX system (FELIXcore not maintained by TDAQ).

A Implemented fivatchdogoto detect when links becomes invisible and reconfigures it.

A Moving to a more stable system (migrating to improved FELIXstar).
Hardware
A All FELIX, SBCs, ALTIs and ROD BUSY installed, connected. 2 PCs replaced since Dec. | |

HE

IEERE R SRR
gg3gegseessg

el B

A NSW DCS architecture and it & integration with the Muon DCS A finalized. =
A Important and continuous feedback from experts and users for optimization of
alarms, panels, scripts, features, bugs, etc.

A Various DCS projects currently under review with Central DCS.

A No show stoppers have been identified.

A DCS for Trigger Processor:

A ATCA panels and tools for monitoring and logging have been developed.

A Thresholds of sensors on carriers/mezzanines being defined and set.

gEZEREEELE
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@ Trigger Processor Status Y

L SZ
EXPERIMENT

Hardware milestones = (Y7o g 1 Back side
A NSW-A: N E S ) e
A All 8 sets installed and used for detector commissioning. S S |1 Il i H
A Optical measurements of links from detector to the TP boards performed -
ANSW-C:
A 4 out of 8 sets installed in USA15 and used for detector commissioning.
A Successfully checked cabling, link quality and stability of inputs

A 4 sets require follow-up.

Fibers from detectors & to
sector logic
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@ Trigger Processor Status Y

L SZ~
EXPERIMENT

Hardware milestones
A NSW-A:
A All 8 sets installed and used for detector commissioning.
A Optical measurements of links from detector to the TP boards performed
ANSW-C:
A 4 out of 8 sets installed in USA15 and used for detector commissioning.
A Successfully checked cabling, link quality and stability of inputs

A 4 sets require follow-up

A Quality issues on MicroPOD sockets on Mezzanines cause broken links.

A Implementing fix (see extra slides).

i . l ! : “ i N k T ANER | Fibers to/from FELIX
c< ’ ) . . e AN :
® 0 o0 o - \ i 0
C Frbers from detectors & to

o 0 C ‘9
g fo 0000 ne’s sector logic
- L.NO 9 0*

L9080 3 UO R

OO0 X Missing balls from

4 . . . ® . 0 . 0
” _ .- ball array
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@ Summary

EXPERIMENT

A NSW-A installed mid-July, 2021 A in run position since mid-Jan, 2022.
A NSW-C installed early-Nov, 2021 A in run position since end-Jan, 2022.

A System commissioning and debugging well under way.
A Expect to migrate to Felixcore at large scale

A Besides the problems described major hurdles successfully overcome but not mentioned:

Edge passivation of Micromegas.

sTGC signal repeater implementation.

Warped VMMs packaged by a specific company.
sTGC Safety Envelope leaks.

é

o To T Io I

A Working hard for the first muons of 2022 and start of Run 3.
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