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Aging Phenomena in Gaseous Detectors

Impli Ci_t aging rate is proportional only to the total accumulated charge
assumption:

R=-1/G)(dG/dQ) (% perClem) (Kadyko61985)

Aging phenomena depends on many highly correlated parameters:

Microscopic parameters: Macroscopic parameters:

B e ccClions V Gas mixture (nature of gas, | ~1980
V Electron or photon energies trace contaminants) SSICAL
\/ Electron, ion, radical densities V Gas flow & Pressure QE:GWG"
V é V Geometry/material of b
electrodes & configuration of
There are simply too many variables RSt feld r
in the problem A4 _ _ d
V Construction materials GNKIE W
would be too naive to expect V' Radiation intensity ~ L AGING?
that one can express the aging rate ¥ ©as gain, ionization density | EFFECTS:
using a single variable (C/cm) V Size of irradiation area

— ~2000



2"d Workshop on Aging Phenomena in Gaseous Detectors (2001)

International Workshop on

AGING PHENOMENA IN, GASEOUS DETECTORS

DESY, Hamburg  October 2-5, 2001

- Coping with classical aging problems

- New aging effacs
- Models and new insights from plasma chemistry
- Materiaks: Lessons fordaetectors and gas systems

- Experi with lame d:

for future d
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V The HERA-B Experiment was the first
high-rate experiment, which
addressed SYSTEMATICALLY aging
phenomena in gas detectors,

followed later by ALL LHC
experiments

Many ORIGINAL PROBLEMS in HIGH
RATE GAS DETECTORS were due to
CASUAL SELECTION of chamber
designs, gas mixtures, materials and
gas system components, which
wor ked at Al ow
high-rate environments

rates
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RADIATION DAMAGE AND LONG-TERM AGING IN GAS DETECTORS"

MAXIM TITOV
Instituse of Phypsics, Albert-Ludwigs University of Freiburg, Hevinarn-Havder S, 3, Fraiburg D70104, Germerp and
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Summary of aging results from high-rate
Iaboratory tests and experlments
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Radi ati on Level

OLowStafidardr adi ati on
(LEP,HERA ep, BaBar/Belle,CDF/DO...)

A Basic rules for constructionare known and
well tested

A Detectors are built and demonstrated to work
A Huge variety of gases are used

A If aging is nevertheless observed:

- use oxygen-based (H20, alcohol) molecules
to inhibit/relief/cure hydrocarbon
polymerization (anode aging/Malter effect);

- having identified the source of pollution, try

to clean the gas system (e.g. operation with
CF4 decreases a risk of Si polymerization)

Moreover, new classes of large-area gas
detectors i straws, MSGC, MPGD, Csl, RPC
with their own specific aging effects evolved:

MSGCs is much more susceptible to aging
than Wire Chambers, possibly due to the
filigree nature of MSGC structures and
catalytic effects on MSGC substrate)

S

not Hrem mC/cmAdC/cmn

| &ligherhdgation levelsdi enormous R&D done

(RD10, RD28, RD6, HERA-B, LHC Exp. , ) €

Some basic rules are found

There are clearlyalotof6 b ad & ocanmed 6@ s ab
materials A careful choice of construction materials:
radiation hardness and outgassing properties are of a
primary importance

Only a few gases are attractive candidates (noble
gases, CF4, CO2, 02, H20, alcohols) at high rates:
- Hydrocarbons are not trustable for high rate exper.
- Operational issues can be aggravated by CO2 as a
guencher and by the very high aggressiveness of
CF4 dissociative products (e.g. glass etching)

Adequate assembly procedures, maximal cleanliness
for all processes andquality checks for all system parts
A personnel training, no greasy fingers, no polluted
tools, no spontaneously chosen materials installed in
the detector or gas system in the last moment, before
the start of real operation

Careful control for any anomalous activity in the
detector: dark currents, variation of anode current,
remnant activity in the chamber when beam goes away.



2008: Original Gaseous Detectors in LHC Experiments

MDT (drift RPC, TGC
tubes), CSC (thin gap
chambers)

Drift tubes, RPC, CSC
CSC

MWPC MWPC, GEM

TOF (MRPC), Muon pad RPC
HPMID (RICH- chambers

pad chamber),

TRD (MWPC)

Straw. tubes
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Early MPGD Detectors @ CERN Experiments

Experiment / Application MPGD Total detector Operation Special
Timescale Domain Technology size / Single Characteristics / Requirements /
module size Performance Remarks

COMPASS Fixed Target 3-GEM Total area: 2.6 m? Max.rate: ~100kHz/mm?2 Required beam
TRACKING Experiment Single unit dg}tect: Spatial res.: ~70-100um tracking (pixelized
(Tracking) Micromegasw/ ~ 0-31x0.31m (strip), ~120um (pixel) central / beam area)
Total area: ~ 2 m2 . i
> 2002 GEM preampl. : . ) Timeres.: ~8ns
Single unit detect:
0.4x0.4 m?2 Rad. Hard.: 2.5 C/cm?
TOTEM Hadron Collider / 3-GEM Total area: ~ 4 m? Max.rate:20 kHz/cm? Operation in pp, pA
TRACKING: Forward Physics (semicircular Spatial res.: ~120pm and AA collisions.
2008 (5.h300 6. 5) shape) ﬁmg)leouonétmdzetect: Time res.: ~ 12 ns
P ' Rad. Hard.: ~mC/cm?
LHCb MUON Hadron Collider / 3-GEM Total area: ~ 0.6 m?  Max.rate:500 kHz/cm? Redundant
DETECTOR B-physics _ _ Spatial res.: ~cm triggering
> 2010 (triggering) g(')nglf “”'zt detect: Timeres.: ~3ns
“eacm Rad. Hard.:~ 0.5 C/cm?
COMPASS RICH Fixed Target Hybrid Total area: ~1.4m?  Max.rate:100 Hz/cm?2 Production of large
UPGRADE (RICH - detection of (THGEM + Csl Single unit detect: Spatial res.: <~ 2.5 mm area THGEM of
> 2016 single VUV photons) and MM) ~0.6 x 0.6 m? TerE me e e sufficient quality

TOTEM / CMS GEM Tracker A LHCb' MMuon System ' 4 COMPASS RICH Upgrade: Hybrid THGEM + MM with Csl PC
~r \..‘ § |

Ar/CO, (70:30
Stable operation at very high rates up to 12 MHz/cm? 2 2 { - { Ms MWP! 8 Years of Dedicated R&D: THGEM+ Csl
> Achieved spatial (time) resolution: 135 mm (7 ns) at high intensity 2* 108 s-1 YR 0l NN ] i 1 with Csl since 2000 5 New Hybrid THGEM + MM PDs:

MWPC+CSI:
successful but with
performance limitations
for central chambers

.....



Pixel GEM Tracker @ COMPASS Experiment

The silicon contamination is one of the most serious problem for gaseous detectors A
Silicon has been systematically detected in analysis of many deposits,
although the source of Si-pollutant (often) remains hardly identified

= SM2 1
B. Ketzer, .
AWor kshop on TPCs at Hi gh
Bonn, Germany, February 27 - March 1, 2013

U pstream vetoes
A | ——
|
/
[
54

Fast Ha

Pixel GEM

_,4#-_*

Silicons

—

since 2008/2009 Triple-GEM with central pixels as readout

A Triple-GEM w/ pixel & strip readout; center: 32x32 1mm? pixels; outside: 2x512 strips (2D)
A Rates up to 12 MHz/cm?2 (135 um spatial and 7.2 ns time resolution achieved)

A Detection inefficiencies in central area for two GEMs at the end of 2009
Y Tracked down to Si d e p gas leaksshat@llowe@ &iMagmac ul pr

outside sealant to migrate into chamber Y Lesson: Never, ever use Si-containing materials

A Accumulated charge during 4 years (2008-2011): ~ 1600 mC/cm?



Gaseous Tracking (TPC, Drift Chambers, MPGD) @ Future Colliders

Experiment /
Timescale

ALICE TPC
UPGRADE

CERN LS2

ILC TPC
DETECTOR:

STARTt: > 2035

CEPC TPC
DETECTOR

START: > 2030
FCC-ee and/or CEPC

IDEA CENTRAL
TRACKER
START: >2030
SUPER-CHARM TAU
FACTORY

START: > 2025
SUPER-CHARM TAU
FACTORY

START: > 2025

Application

Domain

Heavy-lon
Physics

(Tracking + dE/dx)

e+e- Collider
Tracking +
dE/dx

e+e- Collider
Tracking +
dE/dx

e+e- Collider
Tracking/
Triggering

e+e- Collider
Main Tracker

e+e- Collider
Inner Tracker

Gas Detector
Technology

4-GEM/ TPC

MM, GEM (pads)
InGrid (pixels)

MM, GEM (pads)
InGrid (pixels)

He based Drift
Chamber

Drift Chamber

Inner Tracker /
(cylindrical MTRWELL,
or
TPC / MPDG read.

Total detector
size/ Single
module size

Total area: ~ 32 m?

Single unit detect:
up to 0.3m?

Total area: ~ 20 m2

Single unit detect:
~ 400 cm? (pads)
~ 130 cm? (pixels)

Total area: ~ 2x10 m?

Single unit detect:
up to 0.04 m?

Total
volume: 50 m3

Single unit detect:
(12 m2 X 4 m)

Total volume: ~ 3.6 m3

Total area: ~ 2 - 4 m?

Single unit detect:
0.5 m?

Operation
Characteristics /
Performance

Max.rate:100 kHz/cm?2
Spatial res.: ~300um
Time res.: ~ 100 ns
dE/dx: 11 %

Rad. Hard.: 50 mC/cm?

Max. rate: < 1 kHz
Spatial res.: <150um
Time res.: ~15ns
dE/dx: 5 %

Max.rate:>100 kHz/cm?
Spatial res.: ~100um
Time res.: ~ 100 ns
dE/dx: <5%

Max. rate: <1 MHz/cm?2
Spatial res.: <100 um
Timeres.: 1 ns

Rad. Hard.: NA

Max. rate: 1 kHz/cm?2
Spatial res.: ~100 pm
Time res.: ~ 100 ns

Rad. Hard.: ~ 1 C/cm
Max. rate: 50-100 kHz/cm?
Spatial res.: ~<100 pm
Timeres.: ~5-10 ns

Rad. Hard.: ~ 0.1-1 C/cm?

Special
Requirements/
Remarks

- 50 kHz Pb-Pb rate;
- Continues TPC
readout

- Low IBF and good
energy resolution

Si + TPC Momentum
resolution :

dp/p < 9*10°1/GeV
Power-pulsing

- Higgs run
- Z pole run
- Continues readout
- Low IBF and dE/dx

Particle sepration
with cluster counting
at 2% level

Challenging
mechanics &
mat. budget < 1% X0




Drift Chambers @ Future Higgs Factory (FCC-ee, CePC)

0.091 0.24 0.36
Luminosity (x 103* cm-2 1) per IP 3 i . 3. 5. 230 85

Bunch train frequency (Hz)

Bunch separation (ns) : ; 20 994
Number of bunches / train - beam 3 16640 393

3.5(4) T solenoid, 88 x8 m

SRT o eaxam An ultra-light drift chamber (IDEA concept) targetted for FCC-ee
and CePC was inspired by DAFNE KLOE Wire Chamber and by
more recent version of it for MEG2 experiment

< » 5T solenocid, 6.8 x6 m
Full Si-Tracker R=1.5m

IDEA: full stereo, high resolution, ultra-light drift chamber
4000 mm length, 350-2000 mm radius in ~ 2T solenoid B-field
14 SL x 8 layers, 24 ¢-sectors

5T solenoid, 6.8 x 8 m
Full Si-Tracker R=1.2m

IPower Pulsing options

56k sense wires, 20 um diameter W (-Au)

~290k field and guard wires, 40/50 pm diameter Al(-Ag))
He(90%) + i-C4H10
X/X0 ~0.1 % (end plate incl. FEE with X/X0 ~ few %)

Spatial resolution: ¢ ~ 100pm, mom. resolution: o(pt)/pt < 0.3 %

Future R&D Challenges:

2T solenoid, 74 x 7.4 m 3T solenoid, 6.4 x 7.8 m
Full Si-Tracker R = 2m Si Pixel + TPC R=1.8m

22;‘(9:””9 A Aging studies for new modular DC designs (smaller size drift

cells & higher fields, higher gain for cluster counting?)

2T solenoid, 4.2 x6m
Si Pixel + Drift Chamber R=2m

A New wire materials- new alloy metallized carbon wire
Aspecific topics: wire corrosion

Pre-shower/MPGD
+ Dual Calorimetry

FCC-ee / CepC

A Operation with hydrocarbon-free gas mixtures



TPC with MPGD Readout for ALICE Upgrade and ILC

ALICE TPC A replace MWPC with 4-GEM
staggered holes (to limit space-charge effects)

- Upgrade for continuous
TPC readout @ 50 kHz
Pb-Pb collisions

- Phys. requirements:
i e - la
| Energy res. S(E)E < 12%

ey’ Y rra s
’

TPC reinstallation
in the ALICE cavern
(August 2020)

ILC 1T TPC with MPGD-based Readout

Target requirement of a spatial resolution of 100 um in
transverse plane and dE/dx resolution < 5% have been
reached with all technologies (GEM, MM and GridPix)

If dE/dx combined with ToF using SIECAL,
P < 10GeV region for pion-K separation covered

K/rt dE/dx
- - K/t TOF
[ K/m dE/dx+TOF

—=— Micromegas
-+ GridPix
DESY GEM

i arxiv: 2003.01116

separation /G

!
]
=

~

500 1000 1500 | '““A’I'f*'f‘“~f~f'~]*0~“—~—‘-"~~"’)2
track length in TPC [mm] p (GeV/c)

ILC: gating scheme, based on large-aperture GEM
A Machine-induced background and ions from gas amplific.
A Exploit ILC bunch structure (gate opens 50 us before

the first bunch and closes 50 us after the last bunch)

omegas (CERN)
an)

&
2
s
= &
g
o ,
&

Electron transparancy
» > 80% for DV ~ 5V

AV



Towards Large-Sc a |l e BndPixad M™P C

Testbeams with GridPixes: Crucial considerations for
160 GridPixes (Timepix) & 32 GridPixes (Timepix3) FCC-ee / CEPC @ Z pole running:

- primary ionization of the gas;

- ions from the gas amplification stage;

- power consumption (no power pulsing;

- operation at 2 T during the Z-peak running;

A Study pixel - TPCto replace

A PIXEL TPC pad - TPC for Z-pole running

IS REALISTIC!

(TimePix1) TPX3 chip Quad Module
(2007-14) 2017 2018 2019

Future R&D Challenges:

3 modules for LP TPC @ DESY: 160 (1 x 96 & 2 x 32) GridPixs A Optimal pad size to improve track

320 cm? active area, 10,5 M. channels, new SRS Readout system resolution: pixel size >200um A
v . cost reduction

' Module with w- :

/ L0 R ] 96 InGrids & 9 A lon backflow suppression (double

on bcoboArdsfi

grid, graphene coating)

A Baseline gas Ar/CF4/iC4H10
operation to be verified (replacement
of CF4 with mt ~ 20 is difficult)

A Reduction of protection layer resist.
A studies of sparking & radiation
hardness of Gridpix fragile structure

IEEE TNS 64 (2017)5 1159 1167 /
§ BRI ol N (e



Cluster Counting / Charge Summation / Granularity

Simulation of PID with gaseous tracking and timing in ILD Prototype

arXiv: 2205.12160 Current full ILD reconstruction:

simulation result with
method, drift length:

cluster counting, 200 mm

N
o

V 6 mm pads A 4.6 % dE/dx resolution
" charge summation, 200 mm V 6 mmA 1mm: 15% improved resolution

= charge summation, 1000 mm

test bearn, pad-based: via charge summing (dE/dx)

i V. 6 mmA 0.1 mm: 30% improved res.

Micromegas via cluster counting (dN/dx)

test beam, pixel based:

- cluster counting, 1000 mm

—_
o

separation power
=
o

GridPix at full coverage

<
o

GridPix at 60% coverage

empirical expectation:

; ~ o (pad size) V Cluster Counting promises a few times
200 600, 1000 2000 better dE/dx resolution & separation power:

pad size / um

A In time (small drift cells): requires very fast

~ simulation result with eIeCtronICS ]

[P nace (TPC + pixelated SRS

g 2 |- e~ cluster counting, 1000 mm requires good cluster finding algorithm

qg,' - - charge summation, 200 mm

c * charge summation, 1000 mm

2 et beam, pa based V Cluster Counting ia an attractive option and

3 GridGEM Is complementary to classical dE/dx by the
Micromegas

ﬁ test beam, pixel based: Spread Charge

L GridPix at full coverage

el

g e overase A Some groups focus on it and ongoing for

|_ emplirical expectation: o

o) i i i i —— o (pad size) *1* CEPC, FCC'eee

= 200 600 1000 2000

pad size / um



Inner Tracker for Super Charm-Tau Factory

U Inner Tracker: Cylindrical micro-RWELL or Compact TPC & MPGD readout

<) Budker
Compact TPC: INP Cylindrical MRWELL:

0 Large number of hits per track .
U Reliable dE/dx measurement A Modular roof-tile detector
A 4 layers
A Lengthi 60 cm A Length 60 cm
A Diameteri 40 cm A Diameter 10-40 cm
A

5-6 ms electron drift time

[Connes n and Ei Measures
for

uropean Measure
esearch Infrastructures

Effective track reconstruction at high
background rate must be proven

L. Shektmann
Muon system and yoke G BenC|Ven nl

Superconducting coil

Calorimeter

Main tracker

HVboards

Inner tracker
PID system

Beam pipe

External Cathode Internal Anode

Cylindrical MPGDs has been also developed & used:
GEMs (KLOE, BESIII), Micromegas (CLAS12)

0. " L L L N
ZI.l) 1.0 20 3.0 40 50 6.0

X.m

https://ctd.inp.nsk.su/wiki/index.php/SCT _talks



Gaseous MPGD Tracking @ Nuclear Physics and EIC

MPGD
Technology

Application
Domain

Experiment/
Timescale

Nuclear Physics/ Planar (forward) &
Nucleon structure Cylindrical

CLAS12 @ JLAB

Start; >2017

SBSin Hall A @ JLAB

Start: > 2017

pRad in Hall B @JLAB

Start: 2017

SoLIDin HallA@ JLAB

Start; ~ > 2020

E42and E45 @ JPARC
Start; >2020

Electron-lon Collider
(EIC)
Start: > 2030

(tracking) (barrel)
Micromegas

Nuclear Physics GEM
(Tracking)
nucleon form

factors / struct.

Nuclear Physics
(Tracking)
precision meas.
of proton radius

Nuclear
Physics
(Tracking)

Hadron Physics
(Tracking)

TPCw/ GEM,
gating grid

Hadron Physics
(tracking, RICH)

TPCW/GEM;
GEM, MM,
Gridpix ,
mPWELL planar
& cylindrical
detectors

Total detector
size / Single
module size
Total area:
Forward ~ 0.6 n?
Barrel ~ 3.7m?2

2 cylindrical layers
R~20cm

Total area: 14 n?

Single unit detect.
0.6x0.5n?

Total area: 1.5n%

Single unit detect.
1.2x0.6 m2

Total area: 40n?

Single unit detect.
1.2x0.6 m2

Total area: 0.26m?
0.52m(diameter)
x0.5m(drift length)

Total area: ~3 m?

Total area: ~25m?2

Operation
Characteristics/
Performance

Max. rate: ~ 30MHz
Spatial res.: < 200um
Time res.: ~20 ns

Max. rate:400kHz/cm 2
Spatial res.: ~70um
Time res.: ~15 ns

Rad. Hard.: 0.1-1 kGyly.

Max. rate:5kHz/cm 2
Spatial res.: ~70um
Time res.: ~15 ns
Rad. Hard.: 10kGyy.

Max. rate:600kHz/cm 2
Spatial res.: ~100um
Time res.: ~15 ns

Rad. Hard.: 0.8-1kGyly.

Max. rate:10° kHz/cm 2
Spatial res.: 0.2-0.4mm

Spatial res.: ~100 um (rf)
Luminosity (e -p): 10°3

Spatial res.: ~50- 100 um
Max. rate: ~ MHz/cm?2

Special
Requirements/
Remarks

- Low material
budget : 0.4% X0
- Remote electronics

Gating grid
operation ~ 1kHz

Low material budget

Low material budget




MPGD Tracking @ Nuclear Physics Experiments

Hall B: MPGD technology: large pPRWELL
Key Requirements: CLAS12 High-Lumi R1
O Low mass = reduce multiple scattering

O Large area 1500 mm x 1500 mm

There is a major synergy & complementarity for
MPGD R&D Needs between Energy Frontier
et Colliders and Nuclear Physics Experiments

Applications: Tracking

Q 3BS: Super Bigbite
Spectrometer
TDIS: multi-TPC proton
recoll detector
SoLID: Solenoid
Intensity Device
MOLLER

a
{LAD Experiment (Hall C)

O Moderate rate: ~20kHz / cm?

0 Timing performance < 10 ns
Applications: Tracking

O High Luminosity CLAS12 Upgrade:

Forward R1 and central trackers

\ O Proton radius Exp: PRad-ll trackers

Proposed EIC
concepts & their

Requirements are
Challenging

+ High Luminesity (10%7-10°)
» High data rate
*+ High backgrownd
+ Low systematics
+ High Radiation
Large scale (Like RHIC)
+ Mew Technologies
+ GEM's
+ Shashiyvk Ecal
+ Pipaline DAG

Hall A & C: MPGD technology: GEMs

A often rate-capabilities for tracker
needs are higher in NP experiments

2

Key Requirements:

Hall D: MPGD technology: \RWELL / GEMs

N

GLUeX cylindrical tracker
3 Low mass = reduce multiple scattering

3 Large area 1500 mm x 1500 mm

2 Low to moderate rate: ~20kHz / cm?

3 Timing performance < 10 ns

Applications: Tracking & PID

future upgrades

feature a form of large MPGD detectors: Tracking (GEM,

MM, uWELL), Tracking/PID (GridPix), TRD (GEM)

VaHtartor b CFLORIDA TECH

standard Gap pRWELL

FY22 Proposal: Generic Thin Gap MPGD Proposal

Challenges with standard (> 3-mm drift gap) MPGD
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2+ Degradation of the spatial resolution with track angle . § A perpendicular track (8 = 0) wacks at an angle §

< E x B in magnetic field negatively impact resolution

Development of Thin-gap MPGDs:
< Smaller drift gap to reduce the dependence of resolution
< Smaller gaps < minimize E x B effect in magnetic field
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% Improve the detector timing performance Sy
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Development of Thin Gap MPGDs for EIC Trackers
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2 MPGD-based Transition radiation Detectors
]\GLU&K Inner Tracker: Cylindrical uRWELL layers

Originally as “upgrade path” for ATHENA.
Not discussed in current EPIC baseline.
Ideally suited for Detector 2.

Provides:
- PID (pi-K-p) from 100 MeV/c to 800 MeV/c

+ ROBUST tracking (enormous number of hits per track)
+ Virtually immune to synchrotron background.

Tracking @ PID for
GridPix detector @ EIC

Field Cage
1% radiation length, entrance and exit

UNIVERSITY

Silicon Pixel Readout
55 um x 55 um

4% radiation length
(dominated by cooling)

Gas Volume
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Low radiation Length |
ATHENA's Vision {

‘ T2K gas (low diffusion)




Experiment /
Timescale

ATLAS MUON
UPGRADE

CERN LS2/LS3

ATLAS MUON
UPGRADE
(BIS78 PILOT)
CERN LS2
ATLAS MUON
UPGRADE
(Bl PROJECT)

CERN LS3
ATLAS MUON
UPGRADE

(early proposal;
not approved)

CERN AFTER LS3

Application
Domain

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(Tracking/Triggering

Hadron Collider
(Tracking/Triggering)
(2.70| h4.00 O

Gas Detector
Technology

Endcap:
Res. Micromegas
& sTGC

Part of Inner
Barrel:
RPC + sMDT

Inner Barrel:
RPC

Forward region:
Res MM, MVELL,
nPIC

Total detector size
/ Single module
size

Endcap area: 1200 m?
Single unit detect:
(2.2x1.4m?) ~ 2-3 m?

Barrel area (3 layers):
140 m?

Single unit det.: ~ m?

Barrel area: 1400 m?2

Single unit det.: ~ m?

Total area: ~ 5 layers x1
m2

Single unit detect:
0.1 m?

ATLAS Muon System Upgrade @ HL-LHC

Operation
Characteristics /
Performance

Max. rate:20 kHz/cm?2
Spatial res.: <100 pum
Time res.: ~10ns

Rad. Hard.: ~0.5 C/cm?

Max. rate:1 kHz/cm?
Spatial res.: ~7 mm
Timeres.: ~1ns

Rad. Hard.: 300 fb
Max. rate:10 kHz/cm?2
Spatial res.:
~(0.1x1)cmin(h,j)
Time res.: ~0.5ns
Rad. Hard.: 3000 fb

Max. rate: 10 MHz/cm?
Spatial res.: ~200 pm
Timeres.: ~5ns

Rad. Hard.: ~ 10 C/cm?

Special
Requirements /
REINEES

Redundant tracking
and triggering;
Challenging constr.
in mechanical
precision

Redundant tracking
and triggering;

9 layers with 2D
hit position + time

Redundant tracking
and triggering;

9 layers with 2D
hit position + time

Hit rates falls rapidly
with the distance
from the beam axis.
Given parameters
are for extreme
conditions at 25 cm
from the beam.
Miniaturization of
readout elements
needed there to
keep occupancy low




CMS and LHCb Muon System Upgrades @ HL-LHC

Experiment /
Timescale

CMS MUON
UPGRADE
GE1l1
CERN LS2

CMS MUON
UPGRADE
GE21
CERN L3

CMS MUON
UPGRADE
MEO
CERN L3

CMS
MUON UPGRADE
RE3.1, RE 4.1
2023-24 (CERN L3)
LHCb MUON
UPGRADE

CERN LS4

Application
Domain

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(Tracking/Triggering)

Hadron Collider
(triggering)

Gas Detector
Technology

3-GEM

3-GEM

3-GEM

iRPC

MRWELL

Total detector
size / Single
module size

Total area; ~ 50 m2

Single unit detect:
0.3-0.4m?

Total area: ~ 105 m?2

Single unit detect:
0.3-0.4m?

Total area: ~ 65 m?2

Single unit detect:
0.3m?

Total area: ~ 140 m?2

Single unit detect:
2m?2

Total area: ~ 90 m?
Single unit detector:
From 0,4x0,3 m?2
To 0,8x0,3 m?

Operation
Characteristics /
Performance

Max. rate: 5 kHz/cm?2
Spatial res.: 0.6 17 1.2mm
Timeres.: ~7ns

Rad. Hard.: ~ 0.18 C/cm?2

Max. rate: 1.5 kHz/cm?2
Spatial res.: 1.47 3.0mm
Timeres.. ~7ns

Rad. Hard.: ~ 0.09 C/cm?2

Max. rate:150 kHz/cm?2
Spatial res.: 0.6 7 1.3mm
Timeres.: ~7ns

Rad. Hard.: ~ 7.9 C/cm?

Max.rate: 2kHz/cm?
Spatial res.: ~1-2cm
Timeres.. ~1ns

Rad. Hard.: 1 C/cm?
Max.rate:900 kHz/cm?
Spatial res.: ~cm
Timeres.: ~3ns

Rad. Hard.: ~2 C/cm?

Special
Requirements /
Remarks

Redundant tracking
and triggering,
improved pt
resolution in trigger

Redundant tracking
and triggering,
displaced muon
triggering

Extension of the
Muon System in
pseudorapidity,
installation behind
HGCAL

Redundant tracking
and triggering

About 600 detectors




Large-Area Micromegas for ATLAS NSW Upgrade

Mass-production (in collaboration with industry),
Resistive MM for ATLAS NSW Muon Upgrade: sector integration of large-area (~1200m2) MM:

Standard Bulk MM suffers from limited efficiency at
high rates due to discharges induced dead time
Solution: Resistive Micromegas technology

- Add a layer of resistive strips
above the readout strips

- Spark neutralization/suppression
(sparks still occur, but become
inoffensive)

Still, main issue encountered: HV unstability

==> found to be correlated to low resistance of resistive strip anode
==> applied solutions + passivation in order to deactivate the region
whereR<0. 8 Mq

A

A Changing from lab-sized detectors to large, mass producible
detectors forced some changes that ended up reducing the
MM performance and stability with the nominal gas mixture:

A Replace Ar/CO2 with Ar-CO2-iC4H10 (93-5-2)

=

f.. A GIF++ tests and extrapolation to Run 3 conditions are
“#  convincing and validates the use of the new mixture

el
o

A The decision of operating MM with isobutane in Run3
demands the parallel execution of a long-term test program



CMS Large-Area GEMs (GE2/1, MEO) for HL-LHC Upgrade

- uy me By @ me ms me s T 0e  wr . I GE21 Detector System MED Detector System
* 72 chambers arranged in 2 layers » 36 Stacks 6 layers each

b=l = [ = TR I * 20°Stacks, Module Size

On-chamber and off-chamber comparable with GE1/1 chambe
= 4 triple GEM modules per but covering high eta region
chamber (2<h<2.8)

20° Chambers, layout similar to Background ~ 10° higher that
GEL/1, but covering much larger GE2/1, very demanding from
surface. (1.62<h<2.43) performance point of view

hit rate < 2 kHzfcm? (GE1/1 was up to
5 kHz/cm?) A. Colaleo

—

e ME2/2 B

Solenoid magnet

" HCAL

| ECAL

Silicon
tracker

Triple GEM for HL-LHC in CMS: MEO
Septem ber 2020 144 G EM GEl/l Hih granularity and spatial segmentation for for efficient matching of muon stubs to CMS Simuiation Proéminary 2026049 | MED

2

the offline pixel tracks.
Cham bers |nsta||ed Multi-layered structure to discriminate muon against.neutrons (uncorr hits).
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Particle Hit Rate (Hz/cm®)

Breaking news: Detector requirements

GEM (GE1/1) installation = P
copleled Bt ek Rate-Capability: up to 150kHz/cm?

i First phase2 detector installed! \ o *  Ageing: 7.9 C/cm? integrated charge in 10 yrs

e 6070MDO|DO||D|2030140|50J
| | Radius (cm)

J

("R&D needed to optimize the technology for ) rOptlmlzatlon of GEM foil Iayout for hlgh rates
operation of large area detector in very
high rate environment 8 Fta segmentation

baseline solution

Relative gain

Discharge and x-talk mitigation strategy
GEM Foils Stack Design changes:

b ) N £ Y.
'JS‘;LT’LZ"!&'?&L. N\ e R G RIN | - GEM1& GEM2 double segmented for %
;,";":’J:;‘:;“&"L, R < SN , ¢ ¥ discharge mitigation

7| conplenentingthe 5 . e +  GEMS single side (toward the Drift)
o spiea | = segmented to reduce "cross-talk" effects

Additional station GE2/1 and MEO A — —d W

ﬁglng. teStbteStSd o A ; Fine foil segmentation along phi direction — :écgl)xced
0 aging observed anywnere in Ar:CO, up o hit rate per sector — contained gain drop due to
same technical solution successful ly % 7,9 C/lem2 expected by 2023 voltage drops on protection resistors

adopted for the GE1/1

\ y Segmentation independent of flux shape




ATLAS and CMS RPC Upgrades for HL-LHC

ATLAS BIS78 Upgrade i Pilot Project (LS2):

ATLAS BI RPC
Upgrade

ATLAS & CMS RPC Upgrades
aim for rate capability ~ O(kHz/cm?2)

ATLAS Bl RPC
Upgrade

ATLAS BI RPC Upgrade (LS3):

CMS iRPC
Upgrade



