Summary of the Outgassing Studies for the
CMS GEM Detectors

Jeremie MERLIN on behalf of the CMS Muon group
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GEM upgrade projects for CMS:

e 3 detector projects in the forward muon endcap
All based on same triple-GEM technology and

same material
* GEM configuration 3(drift)/1/2/1 mm
* Baseline gas: Ar/CO, (70/30%)

* Max. background rates from a few kHz/cm?

(GE2/1) to 150 kHz/cm? (MEO)

- About 600 m?2 of GEM foils for about 1.5 M of

RO channels

144 detectors

Self-stretching mechanism
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Introduction

Past experience on aging phenomenon:
- Optimization of the gas mixture and detector structure at the design level
- Past recommendations for cleaning and preparing detector components

- Despite all efforts in design and construction, it is still impossible to ensure that no
contaminant can be released in the detector gas volume and trigger classical aging, is it?
— Outgassing of the materials that compose the detectors (or gas system)

. ‘ Impurutles
Chemical reactions
& recombinations
Polymers : big
g(* 9 sticky molecules
Gas Mixture @
G ), Deposits

Plasma

How to test the detector materials ?

-

1 Classical aging test with full size detectors are more realistic but usually too complex and
too long for systematic studies (no real possibility to identify clearly the origin of a problem)

L NASA-like testing of weight loss due to outgassing is interesting but does not really give the
answer we need (effects of pollutants on gaseous detector operation)

- Enhanced outgassing in a form of mini aging tests using a well known sensitive detector

(wire chambers)



Introduction

Initial observations:

- Preliminary aging studies for CMS GE1/1 detectors (2013-

2014 at the old GIF)

- Detector under test accompanied with 2 wire chambers

(SWPC) upstream and downstream for gas purity check

- Both SWPC revealed gas contamination at the input of the
circuit

- Contaminants introduced by (cheap) temp./pressure
sensors inside the gas volume
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Motivations

Pullout
: Washer Krempel

CMS triple-GEM Structure: TN O N | _
" ., . ormgvroy -\ e anasonie
- Based on the “self-stretching” mechanism \I::B_ - \¥ —
. . ¥~ Readout strips
(i.e. no glue) | o P Comper
. . Soldering
- But many components inside the gas e : Theleweng
volume, including polymers g\ sl B e
- Treatment/cleaning of components to be > \S'm__ M resistors
taken into consideration - %~ 00t elecrode
FE] \ I \ | Copper
oy i\ R\l
;it::rorce glass g;zsdmcme S As SSgld?rljing . DE156
Test strategy: 18% chromium + 8% nickel % Tin + 40% Lead

- Global strategy based on experience from previous studies (in particular from the 2001
aging workshop)

- Use of a wire chamber as main indicator of outgassing = also tells if the pollution reacts
in the detector

- Gas Chromatograph (GC) + Spectroscopy was investigated as well = interesting for ppm
detection but not possible to interpret the effect of pollution on the detector operation

- Accelerated process using 5-10x more surface contact than in a real detector + sample
heated up to 50C to enhance possible outgassing

- Test materials separately

- Systematic cleanliness checks before any material test
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lest Setup Overview

Final setup configuration: Breliminary

- 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 cmponents

setup
= o

!
v
-

N "
v

Pre-mixed gas Pressure
from cylinders regulator Rotameter

Outgassing Box
with heating tape

e Each SWPC s irradiated with a >>Fe source @ 1 kHz

i, e ) «  Gas flow is set if 5 L/hr (Ar/CO,/CF, — 45/15/40%)
Rotameter Note: additional 10x10 triple-GEM detector was used for
@ = the most suspicious material for additional confirmation
exhaust 2

(downstream the SWPC)



gtector Setup

Single Wire Proportional Counters:

- Updated custom design

- Simplified mechanism to hold the wire in
place (no need for expansive clamped pins)

- Easy opening and cleaning

- Easy wire replacement + tension

- Only metallic components (+ ceramic)

- Low cost

- Reaches eff. Gain of 10* at 2000 V (Ar/C0O2)

- Excellent experience with this “new” design
5 CMS Preliminary —
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Samples Under Test

Material list:

* All components underwent
Comporent | wateral

the same cleaning process

O-ring VITON as for detector mass
PU coating CellPack n» 124017 production

PU coating (alternative) NUVOVERN LW T a

Soldering mask Elpemer 2467 - )

Sealing film Krempel KDF HT

Silver glue MSDS-Polytec-EC

Washers and gas tube Polyamide PA12

Gas tube (alternative) PA12 + flame retardant

Tape Polyimide

Gas tape TEFLON

* Not in detectors but
used during the
assembly and QC
process

PU CellPack Soldering mask Sealing film Kapton tape




Data Acquisition

Measurement of effective gain variations:
ADC spectra recorded every 10 min during the long run for both SWPC and the various

GEM regions

DAQ system based on NIM+VME electronics for fully automated measurements

Off-line analysis to identify ADC values for: baseline, escape peak and photo peak as well
as corresponding standard deviations (for energy resolution)
External Temperature and Pressure are recorded
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GEM Prototype for Outgassing Studies
Gap configuration 3/1/2/1 mm

Gas Mixture: Ar/CO, (70/30) - 5 L/hr
Fe*® (5.9 keV X-ray)
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Correlation with the environment:

e Usual influence of T and P on the detector gain
* Environment fluctuations are recorded every 10
min during the entire irradiation test

Data are combined with detector output to make
comprehensive events

Analysis workflow:

* Identify the correlation between T/P/Gain
* Apply T/P correction

Normalize to initial gain values

CMS Preliminary

CMS Preliminary
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Data Analysis Overview
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Anode current T/P/RH Spectrum
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amplification (gain) fluctuations (gain)
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v
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Zero-suppression

= Build the events with all the
relevant data

-> Remove all the events with
the source OFF or attenuated

Zero-suppressed data

’ by factors grater than 1000

- Correlation between gain

| Correlation | G =f(T,P)

fluctuations and environmental

fluctuati

Correction&normalization‘ plots }

= Remove the fluctuation due
the environment and produce

CMS Preliminary

the final plots
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st Procedure and Cleaning

Test procedure:

- Purity check before inserting the material sample: 1 month of = .. 5 H e
continuous irradiation with SWPC monitoring

- 15 days of continuous irradiation with sample at room

temperature
- 35-40 days of continuous irradiation with sample at 50C

§g§i ,I

foaw
N
r . o

Normalized gain [a.u.]
Energy resolution [o/u]

Cleaning process in case of contamination:

- QOutgassing box and pipes heated up to 150C

- High pressure N, cleaning (5 bars)

- Sample of pipe extracted and mspected with SEM+EDS

T

7«’

Final confirmation with the
following 2 months purity
check with SWPC

Sample of 316L pipe for SEM
analysis

Heating tape
wrapping

Jeremie MERLIN Stability & Aging p. 11



HL-LHC

esults Overview
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CMS Prellmmary
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esults Overview
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Results Overview

., CMS Preliminary L CMS Preliminary

HL-LHC
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Results Overview

CMS Preliminary , CMS Preliminary
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.Its Overview

Ccomporert. | Materil | Obsorations____________

PU coating CellPack n ° 124017 |20%gain drop +Sideposits
PU coating (alternative) NUVOVERN LW ok
Soldering mask Elpemer 2467 _
Sealing film Krempel KDF HT _
Silver glue MSDS-Polytec-EC ok
Washers and gas tube Polyamide PA12 _
Gas tube (alternative) PA12 + flame retardant _
Kapton Tape Polyimide _

- PU Cellpack was removed from the detector design and replaced with PU
NUVOVERN

- Gas tube material not changed

- Kapton tape not used (during production) on parts that will later be in contact
with the gas

Jeremie MERLIN Stability & Aging p. 1
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Conclusions

Outgassing test setup:

- Standalone system with 4 test lines

- Possibility to warmup material sample to trigger outgassing

- Use of SWPC to identify outgassing (+ reaction with the gas mixture)

Test Procedure:

- 1 month purity check without sample
- 1 month aging test with sample

- Pipe cleaning

Results:
- 10 materials tested = 2 rejected + 1 suspicious

Additional comments:

- Normalized procedure for all CMS GEM components

= Increased sensitivity to outgassing using SWPC = harmful contaminants ?
- Representation of real conditions in the experiment = scaling factor ?
How does charge accumulation with SWPC compares to GEM detectors ?

How to “properly” accelerate the aging process (increased amount of contaminent?
higher rate?)
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Sealing screw Movable Readout connector
internal frame

Pull-out post Stretching screw

CMS GEM Detectors (from prototypes to final designs) Self-stretching mechanism

Strong experience with triple-GEM detector construction

@ Assembly and QC procedures developed during the R&D phase and optimized [ * \
for the various GEM projects

L Expertise and documentation in place for many years

O Continuous R&D within the GEM group to increase the understanding of the
detector operation/longevity and tackle new issues (and train new
generations of detector experts)




