Specil Aging Study with
GEMs

| ‘{@;
" : ; ')‘A '- 3
; SN RD51 Mini Week [SRSVEas (,’
| o 04/12/2018 C)X 5
. g . k’}‘—\,___\, ":',r \‘f ‘\
(A5 CERN
Francesco Fallavollita

CERN, INFN Pavia

Davide Fiorina, Paolo Vitulo
INFN Pavia

Alexander Lunt
CERN

03/12/2018 J. A. Merlin



Motivations

CMS GEM Aging Tests at Gamma Irradiation Facility

2013

Aging test : Outgassing Test :
- Full-size GE1/1 Detector under 3’Cs irradiation - Qutgassing box up to 50 °C
- Monitoring : Gain stability Vs Accumulated charge - Monitoring : Gain drop (SWPC) Vs materials
- Reference : SWPCs under Fe55 irradiation - Additional : 10x10 triple GEM under Fe55
- External Parameters : GC+MS for gas composition - External Parameters : GC+MS for gas composition
I + Meteo Station + temperature sensors
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N Motivations

Past Observations

> No aging observed up to
52 mC/cm? (Ar/CO,/CF,)

> Evidence of pollutants
in the gas system

> Optical inspection
revealed presence of
white spots (few holes
over the entire GEM
surface)

What and
Why ?

- Note: picture takeniin a region particularly affected by white spots -> not
. representative of the whole GEM surface
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N Motivations

Past Observations
> SEM showed perfectly
clean foils expect near
the visible white spots

> Deposits seem to affect
only holes that were
subjects to discharges
(typical copper splashes)

> Deposits on GEM holes
have similar composition
to the ones found on the
aged wire chambers
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@)l Motivations
Hypothesis » Implications » Applications

> Polymerization » Primary charge plays > Accelerated aging

rate depends on an important role in tests in laboratory
the energy the aging process should consider the
transferred > Higher primary whole particle
through the holes = charge means higher spectrum
aging rate ? encountered in the
experiments
(especially HIP)

HIP can trigger aging that can’t be visible with usual
photon irradiation (?)
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©) Special Aging Setup
How to test the:
Influence of primary ionization on the aging rate

> Comparison study: > Use of different sources: > Trigger aging:

- Same environment - Low energy X-rays - Introduce contaminents
under continuous (5.9 keV) N, qries~2x10? in the gas system (Si)
monitoring - Alpha source - Confirm the presence of
- Working with a unique (5.5 MeV) N,,,...i.s~2x10° contaminent and

10x10 triple-GEM polymerization

detector
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X Special Aging Setup

Setup Overview

> 10x10 detector operating downstream an
outgassing box with heating tape
» SWPC inserted in between as “polymerization

Particle indicator”
Stainless steel tubin Filter (2pm) e ]
> All outputs are recorded every 30 minutes with
From Mixer Pressure
regulator Rotameter an ADC board
IN
|
2
Outgassing Box attenuator £
with heating delay v =
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Sl Special Aging Setup

SWPC and Outgassing box
> Outgassing box filled with: =
- 3140 RTV (Dow Corning) | E v This IS
- Acrifix 1R 0192 (PVC glue) |\-m . I8 QI (. gl

> Expected contaminants:

- Methyl Methacrylate

0
HQC)\H/ “CH,

(@)
- Methyltrimethoxysilane

CH,
H3C |

..... Si

CHg

1MQ

2 R
wire &
Current readout

480 pF
100 kQ

HV in

» SWPC continuously
irradiated by 19°Cd to follow
the presence and
the effect of pollutants

Pulse readout
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X Special Aging Setup

Triple-GEM 10x10 (CMS GE1/1 configuration)

» Standard CERN 10x10 detector | Vs SE configuration
with double-mask GEM foils

Kapton window
Drift (single electrode)

» CMS GEM configuration s
(3/1/2/1mm) + typical GE1/1 ook
fields -

> Gas Ar/CO2 @ 5 L/hr ssia ]

> Alpha sector (special opening):
- 241Am: a rate ~ 600 Hz

> X-ray sector:

- 35Fe: X-ray rate ~ 900 Hz

> One sector kept as reference
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Sl Special Aging Setup

Triple-GEM 10x10 (CMS GE1/1 conflguratlonl

> Standard CERN 10x10 detector
with double-mask GEM foils

» CMS GEM configuration
(3/1/2/1mm) + typical GE1/1
electric fields

> Gas Ar/CO2 @ 5 L/hr

> Alpha sector (special opening):
- 241Am: a rate ~ 300 Hz

> X-ray sector:

- 55Fe: 34 MBq

> One sector kept as reference
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@] Data Analysis

Gain variations in GE1/1 detectors

> GEM and SWPC fully calibrated and characterized before and during the test

» ADC spectra recorded every 30 minutes during the long runs

> Run duration depends on the charge collected per sector (to reach the same
charge regardless the radioactive source) = based on an initial charge

calibration

> Polluting material heated up to 50 C during the second half of the test

=) Total charge 170 mC/cm2 // >70 days of continuous irradiation
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> Identify the correlation between P and T

and the detectors response

> Apply corrections and normalize to the

initial values
Meteo station SWPC & GE1/1
CPLC apc
T/P/RH Spectrum
l Environmental l Energy spectrum
fluctuations (gain)
Conversion Conversion/calibration
T/P/RH Peak mean/sigma

l

Synchronization

Raw data

!

-> Build the events with all the
relevant data

: -> Remove all the events with
Zero-suppression the source OFF or attenuated
Zero-suppressed data by factors grater than 1000
l -> Correlation between gain

Correlation

G =f(T,P)

!

| Correction & normalization

plots

fluctuations and environmental
fluctuations

-> Remove the fluctuation due
the environment and produce
the final plots
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Results and Discussion

Gain Stability

> GEM and SWPC fully calibrated and characterized before and during the test

» ADC spectra recorded every 30 minutes during the long runs

> Run duration depends on the charge collected per sector (to reach the same
charge regardless the radioactive source) = based on an initial charge

2.0
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CMs, |

N Results and Discussion

EDS Analysis

_Spectrum 4

|Probe= 12nA WD-=64mm Detector =SESI  80ct 2018 Al d
EHT =10.00kV Mag-= 100KX 11:00:05 @CERN

-ﬂ-ﬂﬂﬂ B SEM/EDS Analysis

Spectrum 3 67.8 17.7 AL Mg,k cl,s,Eca > Clear evidence of Si deposits in
Spectrum4 9.6 13.2 26.4 273 2.2 Al,MgK,Cl,S,F Ca the irradiated region

Spectrum5 62.4 142 107 83 1.6 Al,MgK,ClS,F Ca > R85ponsible fOI' the gain loss
Spectrum6 781 4.0 13.0 42 02 Al,MgK,dl,S,F Ca observed during the last run
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©) Results and Discussion

* Gas out G,E.M 3 — Alpha Sector

Ref @ »* GEM 3 — X-ray Sector
‘ Gasin
(5L/hr)

GEM 3 — Ref. Sector

Optical Inspection
> Reference samples and X-ray samples
appear clear and shiny on both sides
> Alpha samples show a clear shadow with
same shape as irradiation window...
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©) Results and Discussion

SEM Analysis Linear EDS Analysis

Reference Sector (Top

o~
——
Y Q 80 References.ector ....... ) ............... ............... , ...........................
X C : S B
@]
)

90 Ga ............................. (7 0/300/°)~ .............. ._ ..............

+:Cu |
|+cC
20 "O ............... « .............. ....................

a0 890990800000 00p000 ¢

0 10 20 30 40 50 60 70 80
Position [um]

EDS Analysis
» Clean surface with 97% Cu
> PI clearly identified with the Line Data 3

[ —

sudden increase of C and O
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©) Results and Discussion

SEM Analysis Linear EDS Analysis

Reference Sector (Bottom) £ o "~ " T
— —— — = as =Ar/CO, (70/30%) = &
) ..“C_B 80 ReferenceSector ~~~~~~ ------------ ----------- """"""""
| - 8 70 Bottoml—ayer(facmsﬂo) ............... ............ -~
I - —— -

S St |
= = Al
80ct2018 Alexander
13:49:59 Lunt @ CERN

W 4.9mm Detector = SESI

EDS Analysis
> Same composition as on top

0 10 20 30 40 50 60 70 80
Position [um]

Line Data 4

——_’-——'-
—-.‘-‘.--
e
>—
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©) Results and Discussion

SEM Analysis . Linear EDS Analysis

(o]
o

Gas Ar/CO (70/30%) : ; :
80 x.ray Sector5(17o m0/cm2)\ $ ............. l .............

7of Top Laver (facingDrify ___ \
& ............. ............. ......... -
V0 U .
IS I W T
N ol W ssbongro e
b ¥ L. gt .............

10 ............ ............. ............. .......... .............

0 10 20 30 40 50 60 70 80 90

Position [um]

X-ray Sector (Top)

Content [%

= om0 [l i ! sy e () CERIN
EDS Analv5|s
> Presence of Si deposits at the
very edge of the holes Line Data 2

> Rest of the foil is clean

@
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) Results and Discussion

Linear EDS Analysis

SEM Analysis

X-ray Sector (Bottom) < oo,.. <10, 10 ..

“X«ray Sector (170 mC/cm?)-
Battom Layer (fa cin )

- R TE PO ......)..
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8
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rresedervnease
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D G

PeerenaCerrrrennae g

0 10 20 30 40 50 60 70 80 90

EDS Analysis Fosthioh [um]
» Clean foil even at the hole rim

IProbe= 1.2nA WD=52mm Detector =SESI 8 0ct2018 Alexander @ CERN
EHT=10.00kv Mag= 500X 14:00:40 Lunt
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©) Results and Discussion

o Linear EDS Analysis
SEM Analysis e
X Gas = Ar;ICO2 (;70/30‘216)
Alpha Sector (Togl = 90 AIphaSector(’iGSmC/cm ............. , ..............
. S -.QC_J' 80 TobLayér(facinng‘lﬁ)” .............. , .............. ( ...............

0O 10 20 30 40 50 60 70 80
Position [um]

20 pm | Probe= 1.2nA W

— EHT =10.00kV Mag= 500X 11:30:00
ED f .
S Analysis . . Line Data 1
> Presence of Si deposits everywhere

» Increase of the Si content at the rim, \

forming a ring of deposits around holes
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©) Results and Discussion

SEM Analysis Linear EDS Analysis

]
o
o

Alpha Sector (Bottom) = ,geeeesessenea
e | E; QOE bl stadbsnin g R b s
8 7ob G=AKCO,00MN g

Alpha Sector (1 65 mCIcmz)
Bottom Layer (facmg RO)

e S, S S, S— -
|l ec
|eo0

20
I et N W8, A
S e M- b Tt 00 - 10 ‘20 30“ .40 50 60 70 80
EDS Analysis Fosition [um]
> Lower Si content than on top but
small amount present everywhere Line Data 6

and increasing near the holes
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©) Results and Discussion

Edge Analysis
AL

f

Ref TOP

Clean and sharp edges Si build-up on the top rim  Wide Si deposits on both
sides
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N Results and Discussion

Main Observations

> Reference > X-rays > Alphas
- Clean GEM surface - Light Si deposits on - Si deposits on the
- 97 % Cu (no deposits, the top layer around entire top surface

no defects etc ...) the holes (2-3 um) with larger structure
- Perfectly clean in a strip of 10-15 um
surface on the around the holes
bottom side - Similar effects on

the bottom layer
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N Conclusions

Special Aging test
> Initial aging studies triggered interest in studying the dependency between
primary charge and aging rate
> Special aging test with different radioactive sources on the same detectors
> DAQ and Analysis procedures similar to past CMS GEM aging tests
Test Setup
> Forced aging (strong contamination — not representative)
» Use of SWPC to identify polymerization
> No aging observed in the GEM chamber after 70 days of irradiation
> Clear aging measured in the SWPC
Chemical Analysis
> Si deposits are much more present in the sector irradiated with alphas
compared to X-rays
> Deposits first grow on the top side of the foil near the hole rim

Next steps
> Confirm this effect with other gaseous technologies (wire, parallel plate)
> Introduce neutron in long term aging tests
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N Conclusions

Aging tests of gaseous detectors should consider
HIPs in order to properly represent the long-
term behavior in real experiments

Thank you !
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N Motivations

Past Observations (2013 aging test)
»No aging observed up to 54 mC/cm2 (Ar/CO2/CF4)
> Gas tubing was probably contaminated, as indicated
by the aging of the wire chambers.
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