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Overview

 ↦ TOF-SIMS

 “↦ Blind” Aged Sample

 ↦ Deposits Analysis

 ↦ Next Steps: Dedicated Aging Chamber



Nov 8, 2023 TBSaramela - 3rd Conference on Detector Stability and Aging Phenomena in Gaseous Detectors. 3 / 18

IFUSP

The GEM upgrade of the ALICE TPC

P. Gasik, Nucl. Instr. and Meth. A, v. 845, 222-225, 2017,

Gas Electron Multiplier 
(GEM)

Gas Mixture
Ne-CO2-N2 (90-10-5)
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Aging Tests for the ALICE TPC Upgrade

M. Jung, Goethe University Frankfurt, Master Thesis, 2019

- Tested materials
 - Screws, frames, epoxy adhesive, resistors, solder

- Negligible aging during the TPC lifetime (121 mC/cm2)

- Kapton etching was reported
→ Slight energy resolution degradation
→ Higher gain for the accelerated aging test

(from 2000 to 10000)

Ar-CO2 (70-30)
Gain

Ar-CH4 (95-5)

- Visible gain and energy resolution degradation

- Not a viable gas mixture for the TPC

M. Jung, C. Garabatos, R. Negrão

Gain
Energy 

Resolution
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Motivation

● EDS analysis
● Measurement of elemental composition

First
GEM

Third GEM

Where is the polyimide?

● Polyimide erosion reported
● Erosion is dependent on the gain and count rate

“Studies of etching effects on triple-GEM detectors operated with CF/sub 4/-based gas 
mixtures,” IEEE Transac. on Nucl. Sci.,  52, 6, 2872–2878,  2005. 

doi: 10.1109/TNS.2005.855640.

See Marco Lener Presentation - 6/11/23See Marco Lener Presentation - 6/11/23

Our Contribution:Our Contribution:
- Molecular information- Molecular information
- 3D maps of deposits- 3D maps of deposits
- Track origin of deposits- Track origin of deposits

First
GEM

Third GEM

Where is the polyimide?
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ToF-SIMS as a surface analysis technique

The University of Nottingham equipment

● Iontof TOF.SIMS IV
– Liquid metal primary ion source (Bin

+ )

– Gas Cluster ion Beam source (Arn
+)

– Thermal sputtering ion Source (Cs+)

– Single stage reflectron ToF analyser

– Nominal mass resolving power m/dm @ 29 u: 10,000

Characteristics
- Molecular information

→ From surface molecular fragments

- 2D Scans
- Depth profile (nm resolution)

Limitations
- No absolute material fractions
- Matrix effects
- Not as available as SEM / EDS
- Complex data analysis
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Proof of principle: Analysis of a damaged GEM

● GEM used with optical readout
● Routine use until damage
● Ar/CF4 gas mixtures
● Damaged by spark
● No usage history
● Probably used with high gain
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Depth Profile
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Depth Profile 
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Deposits Identification
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Deposits Identification

Polyimide
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Deposits Identification

C2H11NO+

C5H11NO+

Degraded 
Kapton
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Sparks / Deposits Correlation

● Highest intensity 
around the big spark

● Possible spark positive 
feedback loop
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Comparing both sides

Unknown GEM orientation 
during use
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Next Steps: Aging Chamber

☑Simulations
☑Production
☑Surface treatment
☑Sealing
☑Fine leakage tests
❏ Flow characterization

Fine leakage tests

Clean chamber production

Specialized surface treatment (<0,4 μm)

Sealing

Gas flow simulations
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Next Steps: GEM Samples

ALICE-TPC 
samples from 
spare mounts

Small 3 cm x 3 cm
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Summary

● The use of TOF-SIMS enables a better understanding of 
the aging process.

● We can not only detect the presence of
 deposits but also trace it back to its origins.

● We found deposits that originated from the kapton.

● Probably originated during sparks
– May contribute to the formation of new sparks due to Malter Effects

● More controlled samples are needed to better 
understand these results. 

Thank you!
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