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Outline

— Conference program

— Introduction to ageing phenomena

— Past, Present and future requirements
- Experience from current experiments
— Longevity studies

— @Gas monitoring and material validation
- New materials

- New eco-friendly gases

— Conclusions
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Introduction

AGING PHENOMENA
IN GASEOUS DETECTORS

3rd International Conference on Detector Stability and Aging Phenomena in Gaseous Detectors: November 2023, CERN

15t workshop, LBL 1986

/

2"d workshop, DESY 2001

PROCEEDINGS OF THE -
WORKSHOP ON RADIATION DAMAGE TO WIRE CHAMBERS

Lawrence Berkeley Laboratory, Berllu:le)' California

January 16-17, 1986

John Kadyk
Workshop Organizer

April 1986

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

24 proceeding

26/01/2024

Wshop on
AGING PHENOMENA ASEOUS DETECTORS

Topics will include:
- Copirg with classical aging problems
- Now aging ofecs -
- Vodols and now ineights from plasma chemistry re ‘
- Materals: Lessons for detectom and gas systems T

- EXpanierces with Be detecior systons 4
- Recommendations for fulue deteciors

Dosdlire for rogistration: August 1, 2001
Dosdline for nubmlnch&meﬂ: Juna 23, 2001

DESY, Hamburg ~ October 2-5, 2001

e o

50 presentations

~90 participants for each

15t only on wire chambers

2"d ageing in gaseous detectors

3" focus on ageing and stability:
experience ageing observation and
from stable detector operation
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AGING PHENOMENA
IN GASEOUS DETECTORS

Introduction

Only one person attended all the three conferences:

W) Orift Chombers
Time Projection
: Jet Chambers

6. Charpak et of
Nuel. Instp, Meth, 62(1968)282

Picture from Cecilia Uribe Estrada
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Participants from around the world

26/01/2024
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G. Rigoletti with ChatGPT
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The conference program

6 sessions (+ Poster session):

Ageing w ( Longevity and now...I need to map 1 week in 1 hour:

phenomena studies

to group topics

Detector Discharge
detector

materials performance studies

degradatlon Eco-friendly
and analy5|s mixtures

[ mixture ( New
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AGING PHENOMENA
IN GASEOUS DETECTORS

/ \/ \ — In the following | rearranged some talks/sessions
— I apologize for the conciseness
operation and and spark — All details available on the conference website:

https://indico.cern.ch/e/agade23
\ / - Proceedings will be published on NIMA VS|


https://indico.cern.ch/e/agade23

The conference program

AGING PHENOMENA
IN GASEOUS DETECTORS
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Introduction: complexity of ageing phenomena
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AGING PHENOMENA
IN GASEOUS DETECTORS

Introduction: complexity of ageing phenomena

Aging Phenomena in Gaseous Detectors

Radiation Levels not even thought in “1980:
from mC/cm = C/cm

empion; =aGingwateisDropartionakoniy.io the total aceumulated charge
assumption: '
R =-(1/G)(dG/dQ) (% per C/cm) (Kadyk'1985)

Aging phenomena depends on many highly correlated parameters:

)Scopic parameters:

Microscopic parameters:;:‘I

v Gas mixture (nature of gas, ~1980
trace contaminants)

v Cross-sections

v' Electron or photon energies

v Electron, ion, radical densities
v .

There are simply too many variables
in the problem >

would be too naive to expect
that one can express the aging rate
using a single variable (C/cm)

v Gas flow & Pressure LASSICAL
v' Geometry/material of AGING:
electrodes & configuration of
electric field

v" Construction materials ‘NEW
v Radiation intensity AGING’
v Gas gain, ionization density | EFFECTS:
v' Size of irradiation area

~2000

https://indico.cern.ch/event/1237829/contributions/5637200/

26/01/2024
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AGING PHENOMENA
IN GASEOUS DETECTORS

The beginning

Deterioration of Performances under Irradiation:
 Rate Dependence of Gain
* Higher Noise

1968: Multiwire Proportional Chamber

LTEN NN
L3 TERIN

singles (counts/cm2sec )

G. Charpak et al,
Nucl. Instr. Meth. 62(1968)282 ~ 107 cm=2 B 05p

10L& gl g we Bl il il B vn___J
4.5 50 55

HY (kV)

G. Charpak et al, Nucl. Instr. Meth. 99(1972)269

https://indico.cern.ch/event/1237829/contributions/5637193/
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The beginning

1988: Micro-Strip Gas Counter (MSGC)

Extreme Dependence on Gas Purity

12 ~ msge zain-charge clean-fibre
s | Ar-DME90-10 i
4]
.E B e ik . o
g |
é |
0.8
i \Q’breg!ass !ch
0.6}
0.4 !
0.2 !
A. Oed, [
Nucl. Instr. Meth. 263(1988)351 0.0
0 10 20 30 40 60

R. Bouclier et al, Nucl. Instr. Meth. A348(1994)109
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Polymer Formation and Plasma Chemistry

AGING PHENOMENA
IN GASEOUS DETECTORS

e+CH, 2 CH,:+H,+e

Production of CH,: radicals
(precursors of Polyethylene)
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t Y
@ lon
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Avalaonche
Neutrol @ Sticks to the :/
Radicals Surface Becouse Partially
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Moment Attraction Polymer
8% o
Eﬁ% A
R ANODE SURFACE SN R
J. Va'vra,

Nucl. Instr. Meth. A252(1986)547
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AVOID:

Plasticizers (Phthalates)
Sealant: RTV
Vacuum Grease
Oil Bubblers with Silicone
Silicone oil (Dow 704)
Duo-Seal
Epoxies: G10

.. and many others

and
ageing test validation
for each component
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Electric Field Strength

AGING PHENOMENA
IN GASEOUS DETECTORS

The higher is the electric field, the higher is the probability to enhance plasma chemistry effects
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Electric field strength MWPC [kV/cm]
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AGING PHENOMENA
IN GASEOUS DETECTORS

Discharge phenomena

More than 200 years of gas discharge physics
e Many decades of experience with operating gaseous detectors, but now the challenge is getting more and more extreme!

High particle rate, high radiation background, ...
héic‘r:%megas
(v.bao;?tg':’is)

Electron
(J.J.Thomson)

X

MWPC MSGC Ageing
(G. Charpak) i (A. Oed) 23

RF discharge Concept of plasma
(I. Langmuir)

(N. Tesla)
@ L

Breakdown criterion
().S.E. Townsend)
)

Arc discharge Cathode rays
(V.V. Petrov) (W. Crookes)
<4

®
. - - - . $ . o -
1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2020 2040 2060
= ©
Glow discharge Electron avalanche theory
(M. Faraday) (J.S.E. Townsend)
@

Theory of streamer and spark discharge
(L. Loeb, H. Raether, |. Meek)

e Sparking limits
— When the critical charge (~108 or less?) is reached
— Enhanced by secondary emission from the high field regions in the cathode plane or Malter effect

— Depending on the stored energy: can be destructive

https://indico.cern.ch/event/1237829/contributions/5637227/
16
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AGING PHENOMENA
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Discharge phenomena
OVERCOMING THE LIMITS (AVOIDING QCRIT) —==

e GEMs are easy to stack
e GEM + MMG hybrids and multi-MMG stacks

e Optimized HV settings (lower amplification towards bottom of a stack)
e Resistive layers — running horse of (multi-gap) RPC technology

— drop of the electric field around the initial avalanche — remaining counter area remains sensitive to particles

Resistive MPGDs T T,

. . . E 128um
e Allow for charge sharing and create self-quenching mechanism I g
e Delay the charge evacuation and force local field reduction = rate capabilities A S o i)

Insulator ~200pm = |
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AGING PHENOMENA
IN GASEOUS DETECTORS

Discharge phenomena

New structures: micro-RWELL

e Single-sided Gaseous Electron Multiplier (GEM) coupled to the readout anode through the material of high surface resistivity
e Single amplification stage — material budget, simplicity, industrialization, costs!
e Resistive layer — suppression of the transition from streamer to spark, with a consequent reduction of the spark amplitude.

* Drawback — the capability to stand high particle fluxes is reduced, still 10 MHz/cm? demonstrated.

~2000— 1 : : 1000g  =2000———— : c — 6000, Lo st
Elggg_.GEM { G800 (",g' 31 DQ_F_RWELL . { . — U{'D,s Drift cathode PCB
416005 a0 L L S0
91400 iy -700 i _‘;_ 14000 Well pitch: 140 pm
H12000— i i i = i 600 i j— — Copper top layer (5 um) ‘K”:::tl:ri\a::lec::e;o.ssz :m
800 ;_J. | 40 4 ! /- | - DLC layer (<0.1 um)
600 : "“ ]I]-BUD ; ! ! | | | R-100 Mn/"v
400 ;_ T ] i 200 Film glue \,
200"t I 109 —
B ! I Lk i
0 10 X0 30 40 50 60 70 80 90 Rigid PCBreadout
Tim ectiodo W-RWELL PCB

Diamond-Like Carbon

New concepts (DLC (TH)GEM, MM, sRPC) with DLC layers

26/01/2024 Summary of the 3rd Conference on Ageing Phenomena 20



AGING PHENOMENA
IN GASEOUS DETECTORS

GOLDEN RULES OF AGING PREVENTION

e Ultra-Pure gases

* Non-Organic Quenchers (CO,)

* Choice of non-Outgassing Building Materials

* Non-Polymerizing Additives: Methylal, Propylic Alcohol

* Improved Cleaning Protocols

* Avoid Silicone-Containing Materials: Tubing, Sealings, ....

e Zapping: Burning Deposits with High Current on Anodes

* Addition of Compounds with Etching Properties (O,, CF,)

* The creation of reactive species is enhanced at high values of the electric field

But sometime tiny details escape, and an ageing effect appears

26/01/2024 Summary of the 3rd Conference on Ageing Phenomena 21



AGING PHENOMENA
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New requirements for even more difficult future conditions

<

@ LHC in 2008 Hz/cm? - 100 kHz/cm?

2008: Original Gaseous Detectors in LHC Experiments

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

Drift tubes, RPC, CSC

CcSC
Barrel: ~ 500 Hz/cm?

GEM Max.rate:20 kHz/cm? Endcap: ~ 50 kHz/cm?

Straw - MWPC MWPC, GEM
Tubes Max.rate:500 kHz/cm

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

pad chamber),
TRD (MWPC)

https://indico.cern.ch/event/1237829/contributions/5637200/
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AGING PHENOMENA
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New requirements for even more difficult future conditions

@ HL-LHC 10 kHz/cm? - MHz/cm?2

ATLAS Muon System Upgrade @ HL-LHC

CMS and LHCb Muon System Upgrades @ HL-LHC

Experiment / Application Gas Detector | Total detector size Operation Special
Timescale Domain Technology / Single module Characteristics / Requirements / Experiment / Application Gas Detector Total detector Operation Special
size Performance Remarks Timescale Domain Technolo size / Single Characteristics / Requirements /
aqy 9 q
- module size Performance Remarks
ATLAS MUON Hadron Collider Endcap: Endcap area: 1200 m2  Max. rate:20 kHz/cm? Redundant tracking -
UPGRADE (Tracking/Triggering) Res. Micromegas Single unit detect: Spatial res.: <100 ym and triggering; CMS MUON Hadron Collider 3-GEM Total area: ~50 m>  Max. rate: 5 kHz/cm? Redundant tracking
& sTGC (2.2x1.4m?) ~ 2-3 m? Time res.: ~ 10 ns Challenging constr. UPGRADE (Tracking/Triggering) i . Spatial res.: 0.6 - 1.2mm  and triggering,
CERN LS2/LS3 Rad. Hard.: ~0.5Clcmz i mechanical GE11 Single unit detect:  Time res.: ~ 7 ns improved pt
precision CERN LS2 0.3-0.4m? Rad. Hard.: ~ 0.18 C/cm? resolution in trigger
ATLAS MUON . Ha:iro:T C.ollidelr Part of In.ner 1B:|;r:garaa (3 layers): Max.‘rate:1 .I-(Hzfcmz Radu::ldantl tracking CMS MUON Hadron Collider 3-GEM Total area: ~ 105m?  Max. rate: 1.5 kHz/cm? Redundant tracking
<letiles (Tracking/Triggering) Barrel Spetil res.: ~ 7 mm s triggering; UPGRADE (Tracking/Triggering) Spatial res.: 1.4 - 3.0mm  and triggering,
(BIS78 PILOT) RPC + sMDT ) ; Time res.: ~1ns 9 layers with 2D Single unit detect: h . displaced muon
Single unit det.: ~ m? . i r GE21 0.5-0.4m?2 Time res.: ~7 ns isplac
CERN LS2 Rad. Hard.: 300 fb it position ime CERN L3 LS-U.am Rad. Hard.: ~ 0.09 C/em? tnggenng
ATLAS MUON Hadron Collider Inner Barrel: Barrel area: 1400 m? Max. rate: 10 kHz/cm? Redundant tracking
UPGRADE (Tracking/Triggering RPC ) . ) Spatial res.: and triggering; CMS MUON Hadron Collider 3-GEM Total area: ~65m?  Max. rate: 150 kHz/cm? Extension of the
Bl PROJECT Single unit det.. ~ m ~(0.1x1)cmin 9 layers with 2D UPGRADE (Tracking/Triggering) Spatial res.: 0.6 — 1.3mm  Muon System in
( ) ( ) (n.9) y . .
Time res.: ~ 0.5 ns hit position + time MEO Slnglze unit detect: Time res.: ~ 7 ns pseudorapidity,
CERN LS3 Rad. Hard.: 3000 fb CERN L3 0-3m Rad. Hard.; ~7.9 C/lem?  nstalation behind
ATLAS MUON Hadron Collider Forward region: ~ Total area: ~ 5 layers x1 Max. rate: 10 MHz/cm? Hit rates falls rapidly - - - - -
UPGRADE (Tracking/Triggering) Res MM, pWELL, M? Spatial res.: ~200 um with the distance CMS Hadron Collider iRPC Total area: ~ 140 m? Max.rate: 2kHz/cm? Redundant tracking
: ' ) . MUON UPGRADE (Tracking/Triggering) Spatial res.: ~1-2cm and triggering
(early proposal; (2.7 =|h| =4.0) uPIC Time res.: ~5ns from the beam axis. Sinal it detect:
not approved) Single unit detect: Rad. Hard.: ~ 10 C/em?  Given parameters RE3.1,RE 4.1 2'"? € unit cetect: Time res.: ~ 1 ns
0.1m? ’ h are for extreme 2023-24 (CERN L3) m Rad. Hard.: 1 C/cm?
conditions at 25 cm LHCb MUON Hadron Collider u-RWELL TPtaI area: ~ 90m?  Max.rat = About 600 detectors
CERN AFTER LS3 from the beam. UPGRADE (triggering) Single unit detector:  gpatial res.: ~ cm
Miniaturization of e Time res.: ~3 ns
2
readout elements CERN LS4 H i Rad. Hard.: ~2 Clom?
needed there to

keep occupancy low

26/01/2024 Summary of the 3rd Conference on Ageing Phenomena 23



new requirements for even more difficult future conditions

Experiment/
Timescale

CLAS12 @ JLAB

Start: >2017

SBS in Hall A @ JLAB

Start: > 2017

pRad in Hall B @ JLAB

Start: 2017

SoLID in Hall A@ JLAB

Start: ~ > 2020

E42 and E45 @ JPARC
Start: >2020

Electron-lIon Collider
(EIC)
Start: > 2030

Application
Domain

(tracking)

Nuclear Physics
(Tracking)
nucleon form
factors / struct.

Nuclear Physics
(Tracking)

precision meas.
of proton radius

Nuclear
Physics
(Tracking)

Hadron Physics
(Tracking)

Hadron Physics
(tracking, RICH)

MPGD
Technology

Nuclear Physics/ Planar (forward) &
Nucleon structure

Cylindrical
(barrel)

Micromegas

GEM

GEM

GEM

TPC w/ GEM,
gating grid

TPC w/GEM;
GEM, MM,
Gridpix,
p-PWELL planar
& cylindrical
detectors

Total detector
size / Single
module size
Total area:
Forward - 0.6 m®
Barrel ~3.7 m?

2 cylindrical layers
R~20cm

Total area: 14 m?

Single unit detect.
0.6x0.5m?>

Total area: 1.5m?

Single unit detect.
1.2x0.6 m2

Total area: 40m?

Single unit detect.
1.2x0.6 m2

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

Total area: ~ 3 m?

Total area: ~ 25 m?

Operation
Characteristics/
Performance
Max. rate: ~ 30 MHz
Spatial res.: < 200um
Time res.: ~ 20 ns

Max. rate:400 kHz/cm?
Spatial res.: ~70pm
Time res.: ~ 15ns

Rad. Hard.: 0.1-1 kGy/y.

Max. rate:5 kHz/cm?
Spatial res.: ~70pm
Time res.: ~ 15 ns
Rad. Hard.: 10 kGy/y.

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

Rad. Hard.: 0.8-1 kGy/y.

Max. rat
Spatial res.: (.2-0.4 mum

Spatial res.: ~ 100 um (r¢)

Luminosity (e-p): 103

Spatial res.: ~ 50- 100 um

Max. rate: ~ MHz/cm?

@ beyond LHC

Gaseous MPGD Tracking @ Nuclear Physics and EiC

Special
Requirements/
Remarks

- Low material

budget : 0.4 % X0
- Remote electronics

Gating grid
operation ~ 1kHz

Low material budget

Low material budget

26/01/2024

10 kHz/cm?2 - > MHz/cm?

AGING PHENOMENA
IN GASEOUS DETECTORS

Muon Systems at Future Colliders (FCC, LHeC, Muon)

Experiment /
Timescale

LHeC COLLIDER
MUON SYSTEM
at HL-LHC

FCC-ee and/or CEPC
IDEA PRESHOWER
DETECTOR
START: >2030

FCC-ee and/or CEPC
IDEA MUON
SYSTEM
START: =2030
FCC-hh COLLIDER
MUON SYSTEM

START: > 2050
MUON COLLIDER
MUON SYSTEM

START: > 2050

Muon System at ILC: no challenges, same technology as for HCAL (RPC, MPGD)

Application
Domain

Electron — Proton
Collider

Tracking/Triggering

Lepton Collider
Tracking

Lepton Collider
Tracking/Triggering

Hadron Collider
Tracking/Triggering

Muon Collider

Gas Detector
Technology

RPC / MDT

p-RWELL

p-RWELL

RPC
All HL-LHC
technologies
(MDT, RPC,
MPGD, CSC)
RPC or
new generation fast

Timing MPGD

Total detector
size / Single
module size

Total area ~ 400 m?
Single unit detect: 2-
5m?

Total area: 225 m?
Single unit detect:
(0.5x0.5 m? ~0.25
m2

Total area: 3000 m?

Single unit detect:
~0.25 m?

Total area: 3000 m?

Total area: ~ 3500m?

Single unit detect:
0.3-0.4m?

Operation
Characteristics /
Performance

Max.rate: 3 kHz/cm?
Time res.: ~0.4 ns
Rad. Hard.: 0.3 C/lcm?
Spatial res.: 1mm (rrC)
80 pm (MOT single tube)
Max. rate: 10 kHz/cm?
Spatial res.: ~60-80 pm
Time res.: 5-7 ns

Rad. Hard.: <100 mC/cm?

Max. rate: <1 kHz/cm?
Spatial res.: ~150 pm
Time res.: 5-7 ns

Rad. Hard.: <10 mC/cm?2
Max. rate: < 500 kHz/cm?

Spatial res.: <100 pm
Time res.: ~ 3 ns

Rad. Hard.: ~ C/cm?
Max.rate: <100 kHz/cm?
Spatial res.: ~100pym
Time res.: <10 ns
Rad. Hard.: <C/cm?

Special
Requirements /
Remarks

Redundant tracking
and triggering;

Redundant tracking
and triggering

Muon System at LHeC: CDR update uses design similar to Phase 2 in ATLAS, and in particular,

Barrel Muon - second generation RPC and small Monitored Drift Tubes: 1 layer composed of a friplet of
RPC 1mm gas-gaps and ~8 layers of MDT tubes assembled in station of ~2 m*2

Summary of the 3rd Conference on Ageing Phenomena
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Experience for detector operation
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Ageing phenomena
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10 20 30 40 S0 60 7
Integroted current mC/cm’

A thicker oil coating helps to keep dark current
under control.

RPCs with triple oil coating were realized and
tested in 2002-2003, but no sizeable difference
with double coating

«Re-oiled» RPCs start with zero dark current but
show rapid degradation

26
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Ageing phenomena

=S

The dark current is triggered by noise electrons emitted from localized areas of the cathode at a high rate (i.e. higher than
the rate capability of the detector). @GIF

This could explain some observed facts, such as:

— The dark current increases above the electric field threshold where electron multiplication starts.

- Increasing the voltage ends up in dark current increase

— The chamber becomes inefficient in the zones interested by the phenomenon.

— The current causes a reduction of the effective voltage applied to the gas gap

Why are the noisy electron emitted? Two candidates:
e Malter effect, due to a polymerized insulator film.
e Roughness of the surface, due to loss of linseed oil coating

To answer to the dilemma, we finally open the chamber...

In the inefficient zone the linseed oil coating disappeared! Chemical corrosion?

Also with Ar/CO2 - HF is not the only ageing cause
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Resistive
_——————— Cathode

Insulator (0.1 mm)

Strip (pitch 3.2 mm)

26/01/2024

ATLAS - TGC

Gas gap as small as possible to avoid low energy particles stopping in the gas (Bragg peak)
Have a high field close to the wire, to avoid sensitivity to the gap spacing.

Resistive uniform cathode to avoid sparks due to non-uniformities.

Gas with high ionization for many ionization clusters for MIP’s CO, (55%) n-CH,, (45%)

Detector validation:
10 small chambers (10X10cm?) were irradiated
A small chamber has accumulated 6 Coulomb/cm (20 HL-LHC years),no aging

The deposits on wires are very small
- n-pentane is a very strong cleaning agent, but the problem is that this cleaning effect will
also affect cathode graphite repairs that were not properly done, in the long-term.

Small decrease in the MIP charge was accompanied by HV tripping chambers.

Problem was traced to a different n-C;H,, supplier that was using different stainless-steel
containers 2>

The n-C.H,, is a very good cleaning agent, but it also cleans the rests of the welding materials.

https://indico.cern.ch/event/1237829/contributions/5609567/
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Radiation Tolerance of the LHCb Outer Tracker (Straw tube) Ageing: The saga - part III (the way out)

Studied various beneficial effects:
1) Heating: enhance glue outgassing

* Gain loss shortly after glue injection is larger
* Warming of modules to ~40 C showed reduced ageing

Outer Tracker

JMumm

Modun: 2 ayers w64 staws AV =~ 1675V i | E ® uico, 030

) 'tE s i % oet S 40 g O OO0y T
2) Oxygen: prevent deposvts,; 200 71
T T = « Presumably formation of 03 E - "
oL x s e “E « 03 reacts with plastifier & .
« 53760 channels E & : pr 05 i P
S 3) Large currents: burn-off the deposit s
« Large dark currents (bias 1850-1950V leads to 10uA per wire):
1 0) 10 3 1 10 1 0', M- i . Response before HV training ¢ Rﬁw“‘c;'{\t;}(g - Rcfpithw
Intensity (n4/em) 60
E ‘g 40
5 20
= - ) 440 460 440 460
> Remarkable' - " £-~ z e O Position (cm) Position (cm)
T S e 190 200 220 230" . .
« No gain loss under source, only upstream Position (cm) Accumulated up to 0.4 C/cm in hottest region
Source .
« Very rapid; -30% in 15 hours (<0.1 mc/em.) wostion|  ® The LHC even had curing effect:
Wire Wire
* Not seen in R&D phase, despite extensive ageing tests N locator Ageing locator
N.Tuning - LHCb OT - 6/11/2023 14 ' }_;&. - l l i
—_ ! ::'_ o Mﬂs‘ 1'&@?‘\%%» .:'. . ¥
—> Cause: : b 0 Hf
£ . E L " .‘
e Manufacturer changed plastifier: AY103 - AY103-1 § b Py :
. . . E] r Z: ;
e Culprit: di-isopropyl-naphthalene - i
Z b | e apr2009
. . . . 02 :_ Jan. 2011: L, = 0.04 i g or
https://indico.cern.ch/event/1237829/contributions/5609614/ ol e
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LHCb - GEM Runt
) Gas gain fluctuations
May 4-6th  June 5th July 5th August 25th
JINST 3 (2008) S08005 -40%\ 0% -20% < 20%
T OX TN, N,
opEESAL s o Ma Ms 0' M ® 143 )
Magnet RICH2 ILHL , M3 250mrad g L L : V'/\v T&
[_Z g 12: B R L b } L
4l [IRI('HI. 0 3 10— :
ol o 0% 2 UL 405
Locatoy = I SR, . N SN SUURU OSS
) s E X
‘ e by
e
2; : : . — M1A_17AZ L
:lliwllwilFIJOlt\ﬁpﬁmréngra'lI:;‘ﬂiﬂrLlllllw I:T‘TCL_TBIA\ZTRH[
2600 2650 2700 2750 2800 2850 2900 2950 éiiﬁ?\loumb?f(}
Possible causes:
M1 central region (M1R1): -gas mixture
0.6 m?, 12 chambers (2 gaps of triple-GEM each) of 20x24 cm?2 -gas supply
Gas mixture: AF/COZ/CF4 at 45/15/40 % -detector properties
-enviromental conditions
https://indico.cern.ch/event/1237829/contributions/5609606/ -LHC luminosity
https://indico.cern.ch/event/1237829/contributions/5609602/ -
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LHCb-GEM
Run2: a lot of high currents (soft/hard shorts) Run?2: operation with gas recirculation
20 Normalized to integrated | : = ]
luminosity per vear Controls === Analysis Module Purifier: |
u y pery module - 02/H20 ~02&H20 |
B - . - Fluoride ISE -<10 ppmV
1 1250 1z
] ! = oo . . —= o 1400 &
E;’m o v - ] | = % 1.2} :1200'§
E 2016 o .; ? g 1 | : i g - i i ; i 1 ?d
L (o]
2011 - 800 ;-:
P00 1) e 2012 2015 11__ : ©
0 s —_— I : . '7600
0 50 100 150 200 250 300 350 400 450 105} ‘ 1
Effective run days E — :400
efficiency variation inside the chambers, as the [ e oo
. . B . O, i
ratio between rates of left and right gaps [

Gas Flow [vol/h]

Some good effect from 02/H20
while in open mode?

No clear explanation so far.

Sulphur from ARALDITE 2012 hardener?
https://indico.cern.ch/event/1237829/contributions/5609781/

26/01/2024 Summary of the 3rd Conference on Ageing Phenomena 32


https://indico.cern.ch/event/1237829/contributions/5609781/

AGING PHENOMENA
IN GASEOUS DETECTORS

Ageing phenomena

M1 M2 M3 M4 M5
L

LHCb - MWPC

pelw 892.-

5 stations M1-M5 (Run 1) .

reduced to 4 M2-M5 (Run 2 and Run 3); : 5 |
i1

4 regions R1-R4; S — | g

20 chamber types; =
1368 MWPCs cover 435 m? .
40% Ar + 55% CO, + 5% CF, gas mixture; VL

o ey

R4

\_ N N \- SSCSRS \:.\\\

24
honeycomb panel FR4 cathode  anode wire ) )
= side C V? side A
/ /
i / gas
! A SAm------ inlet
Ll
B___.. -
' R4 R4 .
X
c - A
E
&
D 08
S " outlet

/FR4 spacer
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- The effect of high self-substained currents has been
detected in ~100 MWPCs gaps per each year;
— A higher current increases the concentration of

AGING PHENOMENA
IN GASEOUS DETECTORS

recovery after ~ 2 weeks of training

first 3 days of training at I = 30 + 4 uA (2018 data)

F trip »
100 | nominat =5 30
< L ~06|A =8 o > W< o t g,_'h ™ e
210 | . P E : 2 b LREt:
o E ' 1+ & : 20 ?2
e 3 r ' T c s
o = 1 ' ‘e o
Eanqk beam : 1 510
3) ] . ¥ © E A B

R 0

16/08 16/08 16/08 21/08

fluorine radicals, produced by CF,, which react with 001ttt ot

deposits (silicone, polymers), leading to surface
etching by means of the creation of volatile products 27} ~zi.sw

in the plasma; < 26 SmmmisaSEEEEEEEEE
— The procedure of training provides to restore the T 25}

functionality of MWPC gap affected by Malter-like 24F1 1l e

currents. B o

Manifestation of Malter Current Effect:

12:00 00:00 12:00

00:00 12:00 00:00 00:00

4
1 9

o
#1
L
L]

ZC‘},

nominal
current
~0.6pA

31/08
00:00

nominal HV
HV lowered

- self-sustained discharge ignited by high intensity irradiation

and micro sparks;

- sustained uA current independent from external irradiation.

https://indico.cern.ch/event/1237829/contributions/5609611/
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Polyurethane foam is injected between two mold planes forming the cathode surface at the stage of MWPC production;
A mold release agent (ACMOIL36-4600) contains 5-10% silicone;

Curing Malter-like effects in MWPC

e+ CFy— CF3; +Fe+2¢
4Fe + Si — SiF41

e +CFy— sCFs+ Fe+ ¢ Si+ ¢CF3+ Fe+20 — SiF4] + CO,
4Fe + Si0; — SiF41+ 0 5]

¢ + CFy— *CFy+ 2Fe + ¢

The formation process is ongoing around anode wires. The concentration of free radicals is low around the cathode!
The training process requires a lot of time = days

Etching rate in a CF4/02 mixture is significantly higher in comparison to the one in a pure CF4 plasma = hours;

Os +¢CF3 — * COF; + Fe _ .. *COFx quickly dissociates with electrons and atoms and
e+0,—>0 +0 indirectly increases the number of fluorine radicals in the gas
O¢+CF; =« COF +Fe discharge plasma;
e + COF, — ¢ COF + Fo + & e+ 0; — *O,+e Both oxygen molecules Oe ¢ and *0O2 are chemically aggressive
and may be used for the etching processes;
Oe¢+¢COF — CO,1 + Fe [02] optimized with Garfield

MWPC successfully in operation during data taking
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H . - o/ . (0]
Beijing Spectrometer(BESIII): drift chamber * He based gas mixture,, He : C;Hg = 60% : 40%
e low material budget to reduce multiple scattering

e X0: 500 m, ve=3.8 cm/us
e BESIIl is a general purpose detector at Beijing
electron-positron Collider (BEPCII),

cathode d 13 = 2009-05-26
«— Malter effect , 2node ol g
Ecm = 2-5 GeV, Lpeak = 1033/cm2/s N i
140 F+  2UHT-00-2C
. . . 2" 03 o
* Versatile researches in t-charm physics @ N e
o® v @ ® “ 100 2014-04-14
@ > -
~—®P = 80 .
@l — © x4 -
| < :@ o Z Hit rate of MDC
"
2308 20 .
.E|=|=|'l!l‘l'. .....
- ) 0 2000022200089 22220a2
Outer chamber s B=0.83 - i insulating polymer HV 0 5 10 15 20 25 30 35 40 45
// - -
— layer
.I_,fi_"u*_aﬁ VKT o 3 eesssssiittoctstsiiiotssstssssiiaes ssssssns ——> original
7 E e, v, yer,t 4—> with 2000ppm water vapor
=2 - 0.9} v L3 2|
% E _ R _!-_ L= A I - ,.' v i « 120101_new
1 . E = 120314_new
= 5 o 0.85 _new
3 I r dhamb P Sl 1 - . ::m;}w
0.8 H i i : e
ﬁtﬁ“'}.'l"ﬁlj 0155_- Y-S ...'!.-......'...'. ...l ...I..'. '.!...!!.'.. l.- .-..I. .H Wlth >% COZ
R S R S T S VR N1

layer

* The gain decreases about 23% with 5% CO, additive to the gas
https://indico.cern.ch/event/1237829/contributions/5609619/ * The gain decreases about 9% with 2000ppm water vapor additive to the gas
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MEG experiment:

: » Long-term operation showed
drift chamber system

‘classical’ and ‘textbook-like’
.. : A anode wire and cathode agin
= |[nitial HV instabilities due to sing

“helium pocket” fixed with new design of wire pcb. [2011

Si deposits

i

1. 2Ke0a

"B
T
Ll

* individual timescales of performance degradation

o within few weeks
o within few months
o never

= depending on thickness of glue that
needs to be penetrated by Helium

RATERARENRY

. o Cathode potential insulating thin film on cathode
s ° remaining photoresist - improved cleaning procedure by
E = traces of glue manufacturer improved operation of
425 permeabilty much higher > (Y Gt = fingerprints newly build dc modules
= avalanche-produces polymers from filling gas (C,H)
b o o gas pollutants
" — o insulating deposits left from sparks

G0 isclabar

https://indico.cern.ch/event/1237829/contributions/5609643/
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Compressed Baryonic Matter (CBM)

MVD: Micro Vertex Detector*
STS: Silicon Tracking System*
TOF * inside magnetic field
MucCh or RICH
Muon Chamber System /
Ring Imaging Cherenkov Detector

> TRD: Transition Radiation Detector
“ . ToF: Time-of-Flight Detector
~ 3 PSD: Projectile Spectator
S \r\ Detector
-X -~

Gas distribution inside detectors
GO5: flshllne side p N NI “standard” spacers

i hua U) Gasmix  ].2r o h 50¢ e
Rate capability reqwred 50 kHz/cm2 o b ey 4sf- R
E - wrday 2 A 4l ! ka2
MSMGRPC under high v flux MSMGRPC short term recovery 2 08 *day 3 E 35t Aday3
400 5000 Dark current B '=5‘ 3“_
" high r|ux@15nw ' ] . 86 lh e -
! g ! 1800 : : afterexpﬂsutemhlghﬂh.m E ﬂ.ﬁ_— &4 h ]
1600 . .— rneasured@ZxSEW ] é
21200 A bocnbog "'aﬁerﬁﬁﬁ'hﬂursldlhﬂm' i = - =
E1 o A 0.2) i i ! ! =
% 20 40 60 WO 100 120 00 20 40 o0 80O 100 120
Time (min) Time (min)
| e https://indico.cern.ch/event/1237829/contributions/5609600/
tme () time (h) https://indico.cern.ch/event/1237829/contributions/5609568/
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HL-LHC

We are here

Run 2 | | tun 3 | Run 4 -5...
13 7oy R 136 v AR 13.6 - 14 TeV
Diodes Consolidation
i ;;r;y;:gr‘;?on LIU Installation - HL-LHC
" R2E project regions Civil Eng. P1-P5 pllo1 beam radiation limit installation
204 | s | oo | av | e | o0 | -mmmm»
ATLAS - CMS 5to 7.5 x nominal Lunli
[— upgrade phase 1 ATLAS -CMS /
“beam pipes il L 2 x nominal Lumi ALICE - LHCh 2 x nominal Lumi S ARt

/ upgrade
ullng, e,
" S 3000 fb" ’
— m luminos 4 4000 fb!

Can we withstand the expected
‘increase in

accumulated cha (e ? 10 x increase in mtegrated Iummosnty

Validation of detectors to ensure good performance all along the expected data taking period: facilities with intense radiation source + beam

https://indico.cern.ch/event/1237829/contributions/5611095/
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00
0

Longevity

0
00
000
0000

CMS — GEM for HL-LHC

Aging test Target value 8 C/cm2 - about 1.5 years of continuous irradiation
150 kHz/cm?2 at the hottest point of most forward muon chambers in CMS Phase-2 geometry. From Fluka simulation.

CMS Muon Preliminary RWTH Aachen Lab

6
-%10 I~ Gap Configuration 3/1/2/1 mm
(O] -~ Gas Mixture: Ar/CO2 (70/30) - 5 L/hr
%) | 22 KeV X-ray
S
. CMS Muon Preliminary RWTH Aachen Lab =
= N L ) T L | LR T = S5
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O 8[0ct21 5 F0C/cm? 4 C/cm? 8 C/cm?
@ - Gas Mixture: Ar/CO2 (70/30) - 5 Lihr g Lo B g T b - g
o L 13-1-1--F--f11-H-f 4{4 Hid3 il ]1,.E{-_-1“.’H4 HitH
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o 6| -
o i
o i
S 51
E r
3 r 10°
[&] + F Data corrected for temperature and pressure fluctuations
2 4} : . .
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PC work i
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1
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0 10 20 30 40 50 60 70

Operating Time (week)

ine
https://indico.cern.ch/event/1237829/contributions/5611094/ \/ a“ ﬂn

EHT = 1500V Aleksandra Bartiowska
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CMS-DT @G\\:++ MB1 2015 dirty ! R
Irradiation of a spare (MB1) chamber at high rate (x 100 HL-LHC): . YB+2 MB1.
e Results at CMS TDR: The Phase-2 Upgrade Muon Detectors Fit .
e First hints that exposure to radiation change the detector CMS-TDR-016.

performance
e Fast gain drop observed. Presence of Si an C coating with high
resistivity

e Superlayer SL1 used for irradiation studies, while

L L 1 1 i

. . . . CIEMA Muestra 5 ' 00 200 300 400 500 600, 700 800
e Layers L1 & L4 in SL1 were always irradiated while HV was on MAG: 1000 x WV: 25,0 kV "™ ntograted luminosity (b

¢ L2 in the same SL1 was included at the end (2022) ———
uon Freliminary
* L3 in SL1 was kept off to be used as a reference g IELEmLSURON Y ST
. . . . 5 . i : ® Cosmics : ¥

e SL2 & SL3 were used for internal trigger with HV in standby (1900 V) £ ot - " G
E 03: LX) :o.a . i + festheam e L2-2022 i
to be used as reference £ . e | | 3
0.5;— s » Te _* o‘—i
045 -
03 e A
g g 1 T lee ae :
0'2:: : '|J' o ‘.‘ e e 3
0,1;— - J 5 * _f
o- I o I I =
0 10 20 30 40 50
Integrated Charge [mGC/cm]

https://indico.cern.ch/event/1237829/contributions/5611095/
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CMS-DT physics performance

. .. . CMS Preliminary Simulation
e The standalone muon reconstruction efficiency shows a minor b A —

_ L
0 . 1_— —
impact on most of the region covered by the DTs o_gaﬂ E
e The most aged DT region is also covered by 3 CSC stations and 3096 ] -
4-5 RPC layers along a prompt muon trajectory §0-94Z— —
éo.ng— —f

Mitigation strategies: % D'gz_ = E
— Shielding (3 cm layer of Borated Polyethylene + 1 cm layer of lead %0'885_ | E
for gamma absorption) S0%F No ageing E

— Operational parameters (HV and threshold optimization) 0.84— CMS DP-2019/018 scenario (3000 1) E
- Open mode gas system to exclude accumulation of impurities 082 s Muon TOR scenario (3000 o) -
- New readout is foreseen (already under test in a couple of 085 —+——tplt e L
- sectors at P5). |

- New L1 trigger algorithms under study and development
- should mitigate the aging effects

26/01/2024 Summary of the 3rd Conference on Ageing Phenomena 44



Longevity

CMS-CSC

@G\\:'\'“'

Mainly to optimize [CF4] = decreasing as much as possible from 10% to ???

MEII
CMS MUON Preliminary
SLHAY
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§
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EEEE
g1
E
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10% CF4
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50
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on
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W eEb L

2% CF4

@tfaniT

HL-LHC

LiFEE

ME1/1

[N Ol

0T Jaid 07 dancdd
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Accumulated charge Q (mC/cm)

ME11

CMS MUON Preliminary GIF++
20

acoamealnied charge [mi” cm]
B

5% CF4

O izy

1otz otdandd O1Aprid

ME2/1, 51

ME2/1, S2, 53

E 3
i hefore 2018 [Nov.-2021 | Oct-2022 | May-2023 | 19.07.23
(3000 fb-1)
200 mC/cm | 330 (10% CF4) | 700 (2% CF4) | 725 (5% CF4) 770 790 800
130mC/cm | 340 (10% CF4) 460 (5% CF4) 575 625 670
300 (10% CF4) 400 (5% CF4) 510 550 600
310 (10% CF4) 420 (5% CF4) 530 570 610

<ME2/1>

no significant degradation of the spatial resolution was observed for ME2/1 and ME1/1 < 700 mC/cm

Slight degradation of the ME1/1 resolution over 700 mC/cm is to be understood

https://indico.cern.ch/event/1237829/contributions/5611093/
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Mixture monitoring and material validation
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Monitoring the gas mixture
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CMS - CSC

Data/software tools

e Systematic procedure to study in-situ aging

1) Z->uu events and use the CSC hit charge as a proxy of gas gain
2) Atmospheric corrections
3) Normalisation to the lowest irradiation channels

e Results show no relevant degradation of CSC performance, if
extrapolated to the integrated luminosity expected by the end of Run3

(300 fb-1)
e Analysis of the full Run 2 + Run 3 will give 10 times larger integrated
luminosity

o 12p pp, 13.6TeV

1 15F CMS Preliminary ME21HV1

o u 2022

s 11

g F
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£ 1o

=0.95 * *
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N 09F
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Chemical analysis

Chemical analysis of materials Gas analysis: GC and more

Physical and chemical techniques in electrode aging studies

Run3

We present a set of complementary analytical Typical analyses depths of characterization techniques

techniques which give a detailed characterization of

deposits accumulated on MWPC electrodes 1 l l l 1 1 l 1
AR TOF A TEw

. . SPM  SIMS AES XPS TXRF SEM GDMS Raman RBS ICPMS LEXES YRR FTR EDS GSMS STEM XRD XRF
Multi-layered nature of deposit demands enseitkse

100 nm
* Atomic Force Microscopy (AFM): No penetration

combination of analytical techniques with different "
10rm
penetration depths: I
il

Kodel HPL - 4.2 10" Q cm

I I B
Std.

Std + 30% CO2

Std + 30% CO2, 1% SF6

1-2 nm, depth profiling up to several hundred nm

w

+ Time of Flight Secondary lon Spectroscopy (ToF-SIMS): 10000 1 | I

* X-ray Photoelectron spectroscopy (XPS): ~ 5 nm, depth
profiling up to 1 um
. . - Sampling Vol - “Tvol
Scanning Electron Microscopy (SEM/EDXS): < 2 um mmlﬂgam%me SHSDepth Profle l TypcalrofleDegeh
= Fourier Transform Infrared (FTIR) and Raman
Spectroscopy: < 2-3 um
+ X-ray Diffraction (XRD): < 15 um

>2,000rm

P > ®

Cathode investigation techniques OM, AFM, SEM, EDS, FTIR, Raman, XRD, XPS, ToF-SIMS

Anode wire investigation techniques OM, SEM, EDS, Raman, XPS, ToF-SIMS (limitations: round shape, small diameter)

Olllllllllllllllllllll

https://indico.cern.ch/event/1237829/contributions/5609623/ 50 100 150 200

Currents [uA]

https://indico.cern.ch/event/1237829/contributions/5609569/
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Validation of detector components: outgassing setups

AGING PHENOMENA
IN GASEOUS DETECTORS

=

- 4 parallel test lines

- Each line is composed of an outgassing
box with heating tape and a SWPC
- Individual control of gas flow and gas

temperature

- Additional gas line to inject sample gas
to a Gas Chromatograph
- Only metallic components

Particle
Stainfess stect tubing £ Filter (2um)

Pre-mixed gas Pressure
from cylind

IN

Outgassing Box g
with heating tape P

g Test Setup Overview

Final setup configuration:

Preliminary setup

Setup consists of 5 prototypes with three straw tube in each. It means we have 5
channels to test.

* Gas mixture: bottle -> pressure regulator -> flowmeter -> tested component ->
straw prototype

High Voltage CAEN, remote control via USB

Movement system & Collimator controlled by microcontroller

Mini-X X-ray tube

Signal via amplification and MUX send to multichannel analyser CAEN

Software and user interface to control the setup

¢ Each SWPCis irradiated with a 5°Fe source @ 1 kHz
* Gasflow is set if 5 L/hr (Ar/CO,/CF,—45/15/40%)

Note: additional 10x10 triple-GEM detector was used for

the most suspicious material for additional confirmation https://indico.cern.ch/event/1237829/contributions/5637226/
(downstream the SWPC)

https://indico.cern.ch/event/1237829/contributions/5609630/

https://indico.cern.ch/event/1237829/contributions/5611076/
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New materials and new eco-gases
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New materials

RPWELL performance Photocathodes and aging causes
with tunable 3D printed resistive plates — Environmental Contaminations: e.g. 02, H20, heat etc.
N o o e e — Exposure of the PC to radiation due to particle flux.
Dngap " "'Ed — lon back Flow (IBF) to the PC: mainly important for Gas avalanche detectors.
- _W = — B oo sided THOEM Csl is highly reactive with moisture: it took many years to Comparison of different

(&) __Resistive Plate (RP) develop appropriate substrate preparation, deposition method, Photocathode meterials

' v - and handling technology for high QE gaseous PDs
3 ~—Conductive tape/glue — i . gyr igh OF: gosciia
Cu readout pads ( Fresh Csl

100

with 41
rﬁoisture_f'

After UV
sexposure I
<

N\
\

\

B A

3D printed resistive plates

with tunable resistivity
« 3DXSTAT'™ ESD ABS (Acrylonitrile Butadiene Styrene)
= Conductive additive: embedded multi-wall carbon nano-tubes (CNT)

A

B.K. Singh et al. NIMA 610 (2009) 350 Triloki et al. NIMA 695

(2012) 279-282

Quantum Efficiency [%]

\ ul
0.1

\\

» Printed with standard FDM 3D printer. g .
ngt‘ bas:ang ::tr:zer nozzle tgrrr’\p::ature are inversely proportional to sample resistivity (min ~105Q cm) Qu est fo r n EW PC m ate rl a I S .
« Samples of different thickness and resistivity were produced by 3D & functional printing center @HUJI . 0.01 S I S N
7 n Nano Diamond 100 150 200 250
. 1 W 1 th (A
Nano Diamond powder shows ~ 8 — avelength () [on]

10% QE values @ 140 nm TTCst [NIMA 438 (1999) 94l
. -=ND [ALP 108 (2016) 083503]
Hydrogenation of the ND powder
. =—=H-ND [ALP 108 (2016) 083503]
shows even higher values of QE for NP Hamemated Phototube RE800U-26
the Sa me WaVEIength. CsI Hamamatsu Phototube R6800U-26

At e = 3800 [,

- Aput Sn + 200 P
Ngs BECE ADe Sl Faedone  Bar 10

Fie ame » B! W10 L

https://indico.cern.ch/event/1237829/contributions/5637225/

https://indico.cern.ch/event/1237829/contributions/5609592/ https://indico.cern.ch/event/1237829/contributions/5611057/
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New eco-friendly gases

GHGs started to be affected by regulation aiming in reducing their use
Even more critical: PFAS (Per- and polyfluoroalkyl substances) are nowadays under close monitoring — regulations “started”

Alternative gases:
[CERN Strategies to reduce GHG emissions]

in particle detection H HY a:  H cl E r
FF F>2=< F>H F>22< F>zl=<
Ho H: ¢ B 7 F

I [
| ' - - ) : F-C—C—H 2R A
[ Gas Recirculation } [Gas F{ecuperation] [Altemative Gases ] [ Gas Disposal 1 F H HFO-1243zf :‘_‘ﬁi}_F_l_?_-j?_'{{df{!‘.-: HCFO-1233zd ~ HFO-1216 HFO
L R134a F H F H H H GWP <10
| Optimisation of . —Pressure swing — To CzHzF4 GHG destruction (C2HaFy) F>22§<F F; : F; :
current technologies GWP 1430 FYFF N FF O OH P F F
Particular attention Membrane l PP FORi e HREmasere (@)
— . — . — To SFs
to operation separation Discarded (CaHzFy) .. F
F e -
|___Improved control | Cryogenic/cold | e
and monitoring separation To CF. F""':m,t!\),.u“"‘F LS cl;
P E T & S0
\ / F € F
3M™ Novec™ 5110 3M™ Novec™ 4710 R14
Short-term \__tongterm  J SFs (CF3C(O)CF(CF3)2)  ((CF3)p CFCN) (CFy)
GWP 23900 ¢
GWP <1 GWP 2100 GWP 5700
https://indico.cern.ch/event/1237829/contributions/5637221/
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New eco-friendly gases
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HFO based mixtures 4 Standard
, , _ , ¥ 25% HFO + CO2 69% (ECO3) Concerns about possible aging effects
Eco-friendly gas mixtures have higher charge with A 45% HFO + CO2 50% (ECO1) | | e
. , - 1UL — . . — . . — . . : : — — : T T T T T T T T T :
respect to standard gas mixture e | - 'iﬁ'creaseom,;o e 3, 0 - E
- Higher streamer fraction 2F uE L/ : E oo b v E
. wa k- increase of w.p. E o . .
- Higher currents 8 wb f E 3 .
. . . o oE . 3 200  J . -
- Higher production of fluoride g F 1% streamer ; : . ..
:g: wE ’ ! 5% streamer e increase of currents:
a0 f Y f 5 ]
10 %._ ¥0.3% sifreamer P, _% 0 _Y. 1 1 | I | 1 1 1 L L
-E ..-Eln.:Lvuru'F.'u iy e R RS e W E 0 200 400 600
N BEOO 5000 Q500 10000 10500 11000 1a00 Gamma hlt rate [Hzfcmz]
But with new FEB — ATLAS BIS upgrade HVen [V]
= - VT — : ; — ECO1 (50% CO2 and 45% HFO) - Increase of dark current (total and Ohmic)
I 60 - .
= . ;LCABSIg;Othgfnearlatlons ECOGAS mlght m|ght be . 0.2 JDark current . . T IDark current @.G\F-\—-\' T :g HDark current
501 00.18 I Ohmic part E 7 JOhmic pa aS & fOhmic part .
e earmiing ok with 1 fC threshold Sore i ECOB= S
402— - STD .— gu.m 1 g . g .
[ “® ECO3 (25%HFO/70%CO2/4%ISO/1%SF6) & 5012 w5 e 0 [ ‘
303_ @~ ECO65 0/30%CO2 s ‘E 0.1 . 'E 27 .
20:_ (65%HFO/30%CO2/4%ISO/1%SF6) . .. —: EU-W . E 4 ., .-E_' 3
N o ° ] Eﬂﬁﬁ - . -E 3 5 2 ~
1ob- °° . 3 £0.04 E ‘ E | .
: o : 3002 . . GT-TOP o, . . KODEL-BOT © 1 { Y ALICE
‘l,1.1....11,.,11.1.1,A,.l.,.,l: 0 se_——8 o 2 4 6
70 75 80 85 90 95 100 In%egratedschaarge [meg:mLi1 ° Inleggate% ct?argse [|'|§|J-|c*’1'-3|I"|'|2:|B Integrated charge [mc,fcm"‘]
€ norm (°/°)

https://indico.cern.ch/event/1237829/contributions/5609576/
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New eco-friendly gases

e/C0O2/iC4H10/HFO1233zd(CI-HFO)

The CI-HFO is a potential substitute
of SF6 in RPC eco-friendly mixtures

9 [

60 [

Replacing SF6
Mixture under study : HFO1234ze(FHFO)/C0O2/iC4H10/SF6 and HFO1234z
i" I_" T LI T T LN LA '.'.".'I.'il;"‘-;'_ E" 1__"’ | I | L LA LR t
g - HFO1233zd e L. ¢ s B
i ) ) . ‘ —: 0.1 =
u.s:— ; { osf = 1%SF, 4
: g " E i ]
0.2 0.2 —
¢ . ]
. . L] s " 1 ; s
£l 5600 5005 3000 9600 400 5500 5800 16000 g9 400 S T T
https://indico.cern.ch/event/1237829/contributions/5609576/ .
Novec § :
- Excellent performance for NOVEC 4710 P s o ?
in RPC but reactivity under study § "
- Reactions with H20 and UV light =i
- But they are PFAS o
https://indico.cern.ch/event/1237829/contributions/5':6_'37-2.2.-1/::; - - Gharge [pC] 13
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New eco-friendly gases
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Transition mixtures:

RPC: diluting standard mixture with CO,

Studies on CO2 impact when added to the standard gas mixture:

30%, 40%, 50%

Tests performed with muon beam and gamma background

w.p. decreases of ~190 V [ 10% CO2

Streamer fraction increases = SF6 concentration need to be

adjusted
Standard
| Std + 30% CO2
Std. + 40% CO2
Std. + 50% CO2
T ..I-I}‘ . i ..II..1;I'_l_I ’

https://indico.cern.ch/event/1237829/contributions/5611078/

g

Efficiency -, 5t. Prob. - [%]

B

Charge distribution @ w.p. (muon beam)

€02 increase

Charge [pC]
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- Currents, muon detection performance and resistivity monitored over time
- About 60 mC/cm? integrated (2 x ATLAS RPC Run 3 charge)

- Need to integrate ~850 mC/cm? (with safety factor 3) for HL-LHC

- No significant change in muon beam efficiency

- Overall stable rate capability/detector resistivity
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New eco-friendly gases

For RPC:

HFO cannot directly replace C2H2F4

- Higher applied voltage necessary (>14 kV)
- In std gas mix ~9.5 kV

Addition of an “inert” gas to lower the w.p.
- Helium and CO2 help in reducing the w.p
-+ 10% CO2 —> ~1 kV

For CSC:

CF4 protect against anode ageing

- CF31 and HFO1234ze not best candidates for stability and aging
- Look for other alternatives to CF4 on-going

For LHCb RICH:

CF4 or CAF10 Necessary for good refractive index
- Replace C4F10 with C4H10 Refractive index
matches very well but is flammable

- Replace CF4 with CO2 under investigation

For GEM:
CF4 Necessary to enhance time resolution
- Replace CF4 with ??? HFO? but study for time
resolution are also needed
26/01/2024

New gases are still not fully characterized

- The cross sections reproduce the transport
properties via two distinct methods

- Boltzmann equation

- Monte Carlo simulation

- Measurements of electron transport coefficients
- Several gases and gas mixtures can be tested

Pulsed Townsend expriment at the
High Voltage Laboratory (ETH Zurich)
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Conclusions

=
S
(S

The causes of the aging effects are quite well known: materials, glues, Si, ...

Nevertheless, during industrial production of detectors for large experiments it is difficult to control everything

sometimes suppliers change tiny but important things, and we are neither aware

It is the devil’s cunningness = and a new ageing effect appears

Nowadays the challenge is even/at least double:

Industrial production for large experiments

Unprecedent background conditions

From here the importance of:

Sharing and keeping experience

Validation of all components

Database with characteristics

Enlarge collaboration to include new skills (chemist, ...)
DRD1 framework

Thanks to all speakers, conveners, participants for the fruitful discussion and to the organizers (local and program committees)
Special thanks to our secretary Veronique
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CE/RW People and collaborations
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Keep experience and expertise and transfer to young researchers working in large collaborations.

Examples:

Best Oral Contributions presented by young researchers:
- N. Rawal
“In-situ monitoring of the CSC longevity at CMS”
- J. Merlin
“Comparative Aging Studies of GEM Detectors in contaminated Environments”
- G. Rigoletti
“Towards Sustainable RPC Detectors: Exploring CO2-Based Gas Mixtures for CERN LHC Experiments”

Best poster presented by young researchers:

- M. Verzeroli
“Long-Term Stability of SWPCs in Monitoring CF4-Based Gas Mixture in CMS CSC Detectors”

Congratulations!

3rd International Conference on Detector Stability and Aging Phenomena in Gaseous Detectors — CERN November 6"-10t, 2023



CERN People and collaborations
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Congratulations!
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Picture from Cecilia Uribe Estrada

More pictures at https://photos.app.goo.gl/idgksiuJV4EstVkr6 thanks to Cecilia Uribe Estrada

3rd International Conference on Detector Stability and Aging Phenomena in Gaseous Detectors — CERN November 6"-10t, 2023
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Picture from CERN Photo Service
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