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Aging and degradation models: why studying it?

« Reliability & Stability: Ensure long-term gain
uniformity and tracking precision.

* Predictive Maintenance: Detect early degradation to
prevent failures and reduce costs.

 Radiation & Charge Effects: Understand how
ionization and charge buildup alter GEM performance.

 Surface Chemistry: Investigate gas—material
interactions, contamination, and polymerization on
GEM surfaces.

* lon Feedback & Discharges: Mitigate micro-
discharges and feedback under high-rate operation.

* Design Optimization: Guide material selection,
cleaning, and fabrication for next-generation GEMs.

HV Spot WD Mag Sig
12.5 kV 3.0 12.5 mm 454x BSE
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Aging and degradation models: why studying it?

1) Large ton dual-phase (PandaX-4T, LZ, DarkSide -20k, Argo 200k, ARIADNE, ...)
2) Light dark matter, solar axion, Onbb, rare nuclei&ions and astro-particle reactions, Ba tagging)
3) R&D for 100-ton scale dual-phase DM/neutrino experiments

“The 2021 ECFA detector research

and developement roadmap,” 2021,

doi: 10.17181/CERN.XDPL.W2EX

Muon system

Proposed technologies:

RPC, Multi-GEM, resistive GEM,
Micromegas, micropixel
Micromegas, pRwell, pPIC ...

Inner/central
tracking with PID

Proposed technologies:
TPCHmUIt-GEM, Micromegas,
Gridpix), drift chambers, cylindrical
layers of MPGD, straw chambers

Rad-hard/longevity ¢
Time resolution ¢
Fine granularity

Gas properties (eco-gas) ¢@
Spatial resolution ¢=
Rate capability 43
Rad-hard/longevity ¢a
Low X,

IBF (TPC only) ¢=
Time resolution ¢z
Rate capability ¢a
dE/dx

Fine granularity

. Must happen or main physics goals cannot be met
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Aging and degradation models: what happens?

back flowing ions

N

high energy particle

copper
clad

electrons

“Preliminary studies on GEM foil degradation in harsh radiation environments",
PoS, 2019, https://doi.org/10.22323/1.350.0036
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Aging and degradation models: the Malter effect HEPIC

Insulating layer IFUSP

Charged
L] L] f
back flowing ions
. C:—— Rleak
Degradation:
- Erosion; GEM
- Deposition; surface
 —c AV, Vv
lion_c dt+ R
L AdV, VA
Copper fon d dt po.eia/(vbiv) d
clad Kapton j = dE, E ane-p
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ion 100

Degradation:

- Outgassing;
electrons - Crosslinking;

Bruna Beatriz Tizoni Francisco : :
o . Branching;
See details in the poster session

“Understanding the dynamics of the Malter effect in GEMs through computer simulations”
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Aging and degradation models: the Malter effect

HEPIC

IFUSP

Insulating layer

Charged
surface

C :: Rleak

GEM

Field emitted electrons surface

copper
clad Kapton

electrons
Bruna Beatriz Tizoni Francisco (dark current)
See details in the poster session

“Understanding the dynamics of the Malter effect in GEMs through computer simulations”
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Aging and degradation models: the Malter effect

oy Insulating layer

107224
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Dark current (nA)

10—102 4

— Field emitted electrons

102 10°
Event rate (Hz)

copper
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electrons

Bruna Beatriz Tizoni Francisco (dark current)

See details in the poster session

“Understanding the dynamics of the Malter effect in GEMs through computer simulations”
Oct 7, 2025
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See poster 21!
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Aging and degradation models: the insulating film

Oct 7, 2025

Discharge Behavior: Films modify
surface conductivity, increasing the risk of
micro-discharges.

Surface Chemistry: Understand
oxidation, adsorption, and polymerization
processes on copper.

Aging Mechanisms: Identify how
radiation, gas composition, and impurities
drive film growth.

Material Optimization: Guide cleaning,
treatment, and coating methods to control
surface passivation.

Formation of insulating layer
decreases ion neutralization

Positive charge
build up

Multiplication of
emitted electrons

Field-emission
of electrons

T

Malter Discharge
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Aging and degradation models: the insulating film

@ HEPIC

IFUSP

Nuclear Instruments and Methods in Physics Research A 1066 (2024) 169573

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

. ¥
ELSEVIER journal homepage: www.elsevier.com/locate/nima i

Full Length Arice = ToF-SIMS is a ultra sensitive

Evidence for polyimide redeposition and possible correlation with sparks in e

Gas Electron Multipliers working in CF, mixtures su rfa ce ana IyS | S te Ch n Iq ue.

Thiago B. Saramela®® Tiago F. Silva 4@ Marco Bregant“, Marcelo G. Munhoz?,
Tien T. Quach “®, Richard Hague ®, Ian S. Gilmore ", Clive J. Roberts ¢, Gustavo F. Trindade "®

* Instituto de Fisica da Universidade de Sdo Paulo, Rua do matdo, 1371, 05508-090 Sdo Paulo, Brazil
® National Physical Laboratory, Hampton Road, TW11 OLW, United Kingdom

© University of i ir NG7 2RD, United Kingdom

4 School of Life Sciences, University of gh i NG7 2RD, United Kingdom fon Mirmor

The University of Nottingham equipment ==
e lontof TOE.SIMS IV

lon Gun “\
- Liquid metal primary ion source (Bi *) Pulsin = gk
£ W 2] ‘ Detector
- Gas Cluster ion Beam source (Ar,* i 2
( n ) rocusing / \ Transport Optics
—  Thermal sputtering ion Source (Cs*) Raster N\ Extractor
. B FElectron Flood Gun
- Single stage reflectron ToF analyser Target [N
—  Nominal mass resolving power m/dm @ 29 u: 10,000 © 1on-ToF GmbH

Oct 7, 2025 TFSilva - 6rd DRD1 Meeting, Varsaw, Oct. 2025.



ToF-SIMS as a surface analysis technique

Cu oxide / Cu

F——1.00 mm
——100.00 ym

[2.00 m:

f———2.00 mm

Cu-
MC: 3; TC: 1.068e+004
—100.00 ym

Cz
MC: 3;TC: 1.294e+004

F——100.00 ym

F-
MC: 15; TC: 1.080e+005
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ToF-SIMS as a surface analysis technique
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ToF-SIMS as a surface analysis technique

Possible connection
with sparks!
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XPS and NAP-XPS as surface analysis techniques

UHV system to NAP-XPS

X-ray Photoelectron Spectroscopy Lab. de Fendmenos de Interface e Superficie do CBPF
(XPS) works by irradiating a material = B j
with X-rays and measuring the kinetic
energy of emitted electrons to determine
the elemental composition and chemical
states of the surface.

Near-Ambient Pressure X-ray Photoelectron
Spectroscopy (NAP-XPS) analysis used to monitor
the adsorption and surface chemical reactions
between copper and CO. (FOR DIFFERENT CO:
PRESSURES) in a GEM foil produced at CERN
workshop.

https://ipgi.co.in/xps-x-ray-photoelectron-spectrometer/
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Sample preparation: the type of copper surface matters

* GEM samples produced by the p §
CERN workshop Sample preparation
- For the ALICE TPC spare parts ‘

- Stored in same conditions as the
GEMSs used in the assembly

N ALICE-TPC
. samples from
& spare mounts

* Why not samples of copper?
— Adsorption is highly dependent of the
surface conditions
« Cristalinity, oxidation states, roughness, etc.

- Using GEM samples as produced in the ;ﬁhiaéasrrag
CERN workshop is meaningful as GEM
samples
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Results: the pristine surface is not metallic copper

e Copper signal from the

surface for different CO- (a) Sputer treated
partial pressures S kn
. - " _— . 5 UHV RT
* Pristine surface is a :
mixture of Cu20 (Cu*) | ww )|

and CuO (Cu*?) |
A 104mbark

Counts/sec
Counts/sec.

2 keV Ar beam
Sputter » for cleaning by w. o s’""&m'%

treated sputtering

A 1 mbar
NOt » Sr%rdnlﬁ)cljiz %S 960 95[5 950 9&5 9&0 9;35 93|0 925 960 955 950 945 940 935 930 925
treatEd P CERN y Binding energy (eV) Binding energy (eV)
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Results: the pristine surface is not metallic copper

* Copper signal from the
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Results: Cu;0 signal increases and saturates with pressure

* Copper 2p signal from
the surface for different (a) Sputter treated

CO. partial pressures e kn
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Results: Surface reactions on the pristine surface

* Carbon 1s signal from the
surface for different CO. partial S Shae e
pressures

C1s
.'-CO

~ i‘ ! 10 mbar

e Carbonate, hydroxyl,
physisorbed, and
chemisorbed species form

only on pristine samples.

1} J
& &
3 —— 5 F
! E E 10* mbar
5 5 -
0.10 ] 9
—_ (& (&)
3
g 0,08 | [ —e—COMH)
= b-COZ (chem.) L 6x 10° mbar
€ 006 | —d—ICO2 (phys) -
= —— CO3*(2)
_g 0,04 \
K > & >
& 0.02 = 1 mbar
0,00 : : | 292 290 288 286 284 282 280 292 290 288 286 284 282 280
UHV RT 1E-06 1E-04 6E-02 1E+00 Binding energy (eV) Binding energy (eV)

Pressure (bar)

Oct 7, 2025 TFSilva - 6rd DRD1 Meeting, Varsaw, Oct. 2025.



Results: Surface reactions on the pristine surface

* Carbon 1s signal from the
surface for different CO. () Sputter treated
partial pressures

C1s
.'-CO

~ i‘ ! 10 mbar

 After Cu.O saturation,
I-CO.converts to b-CO, and
the hydroxyl increses
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Conclusions

No metallic copper at pristine surface
- Metallic copper did not react with CO.,

CuO converts into Cu.0O

— CuO is not formed naturally (requires external energy)
- May be formed in chemical reactions during production

Both, CuO and Cu;O are p-type semiconductors

- 1.2 and 2.0 eV, respectively
- Not good insulators, mainly in higher temperatures
- Behave like conductors at 100 and 150 °C respectively

Cu.O presents low interaction with CO.

- Weak tendency to be an aging agent

Oct 7, 2025 TFSilva - 6rd DRD1 Meeting, Varsaw, Oct. 2025.



Conclusions

* Both pristine and sputter treated surfaces present carbon signals
— No carbon reaction observed in sputter treated samples (graphite trace contamination?)

e Carbonate, hydroxyl, physisorbed, and chemisorbed species
observed only on pristine samples

— Carbonate signal reduces systematically in pristine sample
- Hydroxyl presented increment after Cu,O saturation

* Dependent on adsorbed water (which is present in pristine samples)
- [-CO2 converts to b-CO2 after Cu20 saturation

* Physisorbed CO, (Van-der-Walls bonding) become chemisorbed (covalent bonding)
* Probably in the CuO residual region
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Next steps: determine Cu oxidation states distribution
Cu,0?

% HEPIC

IFUSP

CuO?

Back-scattered Secondary
electrons electrons

EHT = 10.00 kV Sample 1D = Signal A =NTS BS30 Jul 2025 \‘-
WD = 83mm 401 KX Photo No. = 38 15:08:03 LAMEFI

10 m EHT=1000kV  Sample D= Signal A=SE2  30Jui2025 g
WD = 8.3 mm 130KX Photo No. = 42 19:00:31 LAMFI
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