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CMS Forward Muon System Upgrade

Present CMS endcap muon detectors: . 2o o= o o v or 2 o

= CSC+RPCcovering0.9<|n|<1.6
= Only CSCcovering1.6 < |n| < 2.4
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Slice Test

-
¥

.

Slice Test = commissioning
of 5 GE1/1 detectors in CMS

1 out of 5 with final
readout electronics and HV

20/02/2019

Installation of GE1/1 during GE2/1 and MEQO installed by
Long Shutdown 2 the end of Long Shutdown 3

144 chambers in two endcaps GE2/1:1.5< |n| < 2.2
GE1/1:1.5< |n| < 2.2 MEO: 2.0 < |n| < 2.8
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GEM foils: s 3 2 3
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» 50 um thick copper/cladded polyimide foils =
* Holes (diameter = 70 pm) in hexagonal pattern (pitch = 140 pm)® — ===

GEM chamber:

=  Gas detectors: charged particles ionize gas
= One or multiple GEM- foils (e. g. triple — GEM = 3 foils)
= HV applied: amplification process inside holes (E ~ 60 kV/cm)

Performance: /

u Rate Capab“ity: Up tO O(MHZ/CmZ) GEM 1 mm= L- lD:f:llll-ll
/ }) Transfer 1
= Triple-GEM chamber efficiency > 97% for MIPs R |

LihY Transfer 2
|
GEM3 sspdiEiesssassass
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= No aging effects after 3000 fb~! (and even up to 875 mC/cm?)
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CMS GEM GE1/1 Project

GE1/1 chamber

Triple-GEM chambers SECTORS
Gas mixture Ar/CO, (70/30%)

Large area O(m?)

Covering 1.5 < |n| < 2.2

2 chambers

144 trapezoidal Long and Short chambers
24 readout sectors per chamber

128 radial strips for each sector

Digital readout

72 Super Chambers (2 coupled chambers)

Each Super Chamber covers 10.15° (overlap)
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GE1/1 Slice Test Overview
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A demonstrator with 5 SuperChambers (or

GEMINI) took place in 2017-18 with the goals to:

Proving the system’s operational conditions

Developing the integration into the CMS online

system

Start acquiring installation and commissioning

expertise

SLOT - 1 — 4 GEMINI:

High Voltage supplied with a single HV
channel per detector (8 HV channels in
total)

The HV is distributed to the detector’s
electrodes through a voltage divider

Readout system based on VFAT2 ASICs

20/02/2019
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SLOT - 2 — 1 GEMINI:

High Voltage supplied with a multi-
channel power supply realized
specifically for triple-GEM detectors
(CAEN A1515TG)

The HV module provides 7 x 2 voltage
channels to power independently all
detector’s electrodes

Readout system based on VFAT2 ASICs in
2017, moved to VFAT3 ASICs in 2018



iy GE1/1 Slice Test - System Stability
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The activity of 2017 included a study of stability of
triple-GEM detectors into the CMS environment

= Single HV channel

— high voltage fluctuations < 1% observed
in a period of 7 hours during LHC collisions

(Lypary = 1.1 X 103%cm™2s71) —

= Multichannel HV

— high voltage fluctuations < 1% observed
for all 7 HV channels in a period of 12 hours
during LHC collisions

(Lypax = 9.3 X 103 em™2%s71) —>

= LV channels

— LV channels showed the same stability
both with and without beam

20/02/2019
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CMS

GE1/1 Slice Test - Integration into CMS

al
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Detector Control System (DCS)

= The Detector Control System (DCS) was
locally developed to control the HV and
LV system and to monitor the gas system
and environmental parameters.
—

= A Finite State Machine (FSM) was then
added in order to prepare the system for
the operation in central DCS.

= The final integration of the GEM DCS in
CMS was reached at the end of 2017.

- o
Nams SUPER CHAMBER SUPER CHAMBER SUPER CHAMBER SUPER CHAMBER
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CMS Preliminary

Data Quality Monitoring (DQM)

®= The inclusion of GEMs into the global
runs entails also the need of monitoring
the quality of data collected as well as
the performance of the detectors.

11 GEMINI30la2
Digi Strip GEMINIMI0R VFAT
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C\E/RW GE1/1 Slice Test - First Results

GE1/1 Slice Test: Success!

First results of reconstructing collision data with GEMs in muon reconstruction 2017/2018

Q CMS Experiment at the LHC, CERN

| Data recorded: 2018-Jul-08 19:55:40.193536 GMT

e LW LHC run2 2018C p-p collision event display showing two
muons (red lines), associated with hits on one of the five
GE1/1 slice test super-chambers (blue trapezoidal boxes)

‘ /\ - at station 1 of the endcap muon system. The antimuon
(pr = 30.11 GeV/c?,n = —1.956) and muon (pt =
53.597 GeV/c?, 1 = —1.993) has a combined invariant

mass of 3.011 GeV /c? (J /¥ meson particle ).

CMS Experiment at the LHC, CERN -
" s Data recorded: 2018-Jul-08 21:46:32.368896 GMT.\

B\ Run/Event/LS: 319347 / 438404601 / 331 =
N

LHC run2 2018C p-p collision event display showing two =
muons (red lines), associated with hits on one of the five

GE1/1 slice test super-chambers (blue trapezoidal boxes) ‘
at station 1 of the endcap muon system. The antimuon e
(pr = 34.01 GeV/c%,n = —0.540) and muon (pt =
37.63 GeV/c?, 1 = —1.985) has a combined invariant
mass of 91.141 GeV/c? ( Z° boson particle).

20/02/2019
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< GE1/1 Production Sites

— Distribution of the production in various sites:

- Share the effort with CMS - GEM institutes
- Generate a large community of GEM experts

® =
s

- All Quality Control deliverables validated by the production

community
20/02/2019 13

- Equip production sites
with infrastructure, tooling
and knowledge for GE2/1

and MEOQ productions

— 2-years training program

- Using same procedure

- Using same infrastructure



GE1/1 Detector Assembly

GE1/1 Detector Assembly Procedure

Preparation of the components (in laboratory)
-=  (Cleaning of the components .
)| = Preparation of the HV circuit

* Mounting of the pull-outs
-=  Selection of the O-ring

A\High-Voltage ';/7 5
(5.7

Assembly (in clean room)
* Fast test of the GEM-foils
o «[ = Mounting of the stack
- » (losing of the chamber

1 day is sufficient to fully
assemble a GE1/1 detector

D. Abbaneo et al., Layout and assembly technique of the GEM chambers for the upgrade of the CMS

first muon endcap station, Nucl. Instrum. Methods Phys. Res., A 918 (2019) 67 - 75
20/02/2019 14
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CMS, /|
GE1/1 Detector Production Status 1

On-time production:

(last update 9" Feb. 2019 )

= 160 detectors already assembled

= 151 detectors fully validated up to QC5
= 6 Quality Control on-going

= 3 chamber need to be repaired

= 13 detectors fully equipped with electronics
and services (6 Super Chamber + 1 chamber)
20/02/2019 16
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GE1/1 Electronics: Overview

ON - DETECTOR OFF - DETECTOR
2 - pieces GEBv3 (1.0 - 1.2m)
© 4
csc
Trigger
» |Mother Board
(TMB)
Trigger data

(3.2 Gbps — 10b/8b)

DAQ
TTC

Opto - Hybrid v3 (OH) 20T TI _ .

MTCA

Tracking data
3 x GBT - 4.8 AMC = CTP7 from
Gbps CMS Trigger upgrade

3 GBTx FEAST
: (DC DC converter,
3 VTRx LV VFAT3 & OH)
20/02/2019 18
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VFAT3 chip on hybrid:

= Binary output, CFD

= 32

= L1 latency: up to 25.6 us

= Slow control: ePort, GBT

0 MHz

compatible

= Trigger data:

— 1bit = OR of 2 strips

(+DDR option)

20/02/2019

VFAT3 chip on hybrid

VFAT3

Preamp  Shaper

128 channels

CBM Unit
(Calibration, Bias &

2

CFD

Manitoring)

GE1/1 Electronics: VFAT3 Front-end

CMS

EEE

_ Gomosct Wuon Solenoid

!

rTT ]rTI

> Trig
Unit

Control Logic + Data Formatter

[+ Comm

+ ¥

s ADC |[F

Slow Control (Registers & logic)

s Port

M

Trigger path: 8 sLVDS pairs @ 320Mbps 64b/bx

(128b/bx DDR)

Fast OR: Each pair of channels, lossless

SPZS: Full granularity, up yo 6 partitions /bx

DDR: Full granularity, lossless.

Data path: Full granularity after LV1 + time tag LV1
latency extended to 25us LV1 rate extended to 1MHz.

Communication interface to GBT: Comm-Port allows
bi-directional communication of control commands,
CMB (calibration, bias and monitoring) and data
readout through a single port to the GBT.

19



VFAT hybrid for GE1/1:
input protection circuit studies

The GEM collaboration is carrying out an R&D campaign to improve the input protection
and robustness of front-end electronics preventing possible discharge damage

HV3b - V2 HV3b - V3 HV3b - V4
Initial baseline Ext. input protection Ext. Input protection
Internal input protection only (R=330Q) (diodes)
(diode). Channels burnt with OK after 500 ESD 470 pJ/disc QK after 540 ESD 470p]/disc
E > 28 pJ/disc X-talk +15%; Noise +20% No increase of noise observed

No radiation issues expected Rad Hard studies OK (10 Mrad)

. 1, Sei L
I. | i -.f ; l l
I. 2=
' |
=) i = s il
! = M-
| | L e | g |
A5G 5, SR . Y-, B oL ﬂ
. ) ‘~. B |
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Aging of Gaseous Detectors é

CIaSSica Aging: - ‘ Impurltles

» Chemical processes occurring in the f&
plasma avalanches release free S
u

. . . Gas Mixt
radicals chemically active

Polymers : big
sticky molecules

) =) °a¥ '
‘:‘ﬁ* Deposits
= Polymers deposit on sensible surfaces )

(anode, cathode, insulations, etc.) mmmmm) Detector performances loss!

= Radicals - Monomers — Polymers

| CMS needs to validate triple-GEM technology for the MEOQ project |

L e e e e e o M bt b € M |
= Expected hit flux in the MEO muon detectors: ~ 50 kHz/cm?

= Constraints on the technology for the upgrade:

= Longevity > 10 HL-LHC years (X safety factor 3!)

= Accumulated charge ( 10 HL-LHC years ):
- Qi0t = Rate x Primaries x Gain x Time X q, ~ 283 mC/cm? (at Gain = 2 x 10*)

= 850 mC/cm? of integrated charge (safety factor 3!) needed to fully
validate the triple-GEM technology for the new MEOQ project
20/02/2019 22
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GIF++ facility:

» The facility consists of an intense 14 TBgq (in
2015) 137Cs source emitting 662 keV photons
and lower energetic scattered photons

=  Particle flux: ~ 10% Hz/cm?

Detector under test:

= CMS GE1/1 triple-GEM detector ( similar to
the final design)

= Effective Gas Gain: 2 x 10*
=  Gas Mixture: Ar/C0, (70/30)

Measured parameter:

= Monitoring of the anode current
(representative of the detector gas gain)

Normalized Anode Current

Longevity Studies at GIF++ facility

—L_L_L_L_LN
o M M o @ O

o
™

llllllllllllll

0.4

0.2

0.0

CMS

Gompact Muon Solenoid

I Gap configuration 3/1/2/1 mm
I Gas Mixture: Ar/CO, (70/30) - 7 L/hr
L Irradiation at GIF++ Facility

T ~.137 : . 1
— Cs™ (14.1 TBq in 2015) :15 months of continuous,

- 662 keV vy (30 kHz/cm? . . e
- 662keVy (30kHziem) irradiation test :
T Initialgasgain=2x10" _ _ _ _ _ _ o & o — — _ _ 1

T T T

resulls from 2016 aging lest after P/T Correction

% GE1/1-IV-S-CERN-0002 Detector

\J|Jl||Illlll]lll]llllllllllllllJlJ

0 20 40 60 80 100 120 140 160 180

Accumulated Charge (mC/cm?)

NO aging observed up to ~182 mC/cm?

( ~ 64% of MEO operation at the HL-LHC)

Additional 5 - 5.5 years are needed in order to validate
the MEO project with the safety factor 3

20/02/2019
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HL - LHC year
0 5 10 15 20 25 30 2 0
- = F L B By B B E ‘Y Gap configuration 3/1/2/1 mm
So u rce ® E gooz_s'_a_g_e_ty Factor 3 (849 mC/om’) /. 7: g 1 8 } Gas Mixture: AI’/CO2 (70/30) -5 L/hr
LCE 800; = 8 1 63_ X-ray Tube: Silver(Ag) Target
£ %% B o 4
= 22 keV X-ray photons from S 0, 19y Mmsan=x
© C . e g
E . o C
X-rays generator § GOO;Sa!etyFaclurZ(SBGmC/cmz) 7: E 12;
£ soo- E T 1.0y e
> r L
. € 400 4 Nosk
Detector under test: B 2% fter P/T correction

2 04" (fluctuation within 2% )

= CMS GE1/1 triple - GEM detector

N

=]

S
I
|

. * ° 100~ —— GE1/1-X-S-CERN-0002 Detector E 0.2
( final design and material ) : | pobd e
o T e 0" 100 200 300 400 500 600 700 800 900
= Effective Gas Gain: 2 X 104- Time (day) Accumulated Charge (mC/ecm?)
= Gas Mixture: Ar / co 2 (70 / 3 0) 35 106? gap Eﬂqntfigure'lot\i7ggl1(f;&é:3r{;1)njsUh T 355 GE1/1-X-8-CERN-0002 Deteotor
“g’ [ X-ray Tube:-SiIver(Azg) Target ‘5' 30} gzz ;?::Lgrzrilrc;gg?(l%;Sz)m 5L/hr
Measured parameter: ‘S 10° - Initial gas gain = 2 x 10* % [ Gd'™ (22 keV X-ray - 14.74 MBq - 10/04/2017)
(O] B = 25;in=6;i¢=2
= Monitoring of the anode current § === sssonoesomen| L0
. . . . CIJ1047 o R S NP S P - .
during the irradiation test % eff. gas gain ~ 2 x 104 5 15t
° . — [ o L
= Weekly effective gas gain meas. G- e 100
= >‘ |-
- o C
=  Weekly energy resolution meas. T %
0100 200 300 400 500 600 700 800 800 W 05400200 300 200 500 800 700 800
Accumulated Charge (mG/em?) Accumulated Charge (mGC/cm?)
X-ray Aging Test at CMS-GEM Lab. NO aging observed up to ~ 875 mC/cm?

20/02/2019 (4000 hours of continuous tests ) ( ~ 31 years of MEO operation at the HL-LHC)) 24
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L CMS-GEM Production Lab. |

HL - LHC year
° ATE‘ 0, o ‘?‘ TTTTTITTT T ‘ 3‘0 T 2.0 Gap configuration 3/1/2/1 mm
Source- o %o . , | @ 1.8 Gas Mixture: ArCO, (70/30) - 5 Lihr
%:2 800; é S 16 X-.rlay Tube: §ilver(Ag) 'L'arget
= 22 keV X-ray photons from 2 o0 / E Pt
X-rays generator S SR— .
Detector under test: :
<C
= CMS GE1/1 triple - GEM detector
( final design and material )

3 ~GE1/1-X-S-CERN-0002 Detector
‘0‘ / F Gap configuration 3/1/2/1 mm
ac 30 Gas Mixture: Ar/CO, (70/30) - 5Lihr

F Cd'® (22 keV X-ray - 14.74 MBq - 10/04/2017)
25 in=6;ig=2

20F

@
== =)

Energy Resolution (FWHM/u

eff. gas gain ~ 2 x 10* 15F
= Weekly 10
57
= W C
eEkIye Lo b b b b v e b s L | %\\\Il\l\\‘\\II‘I\\\l\ll\‘\\\llll\\l\\Illl\\l
0 100 200 300 400 500 600 700 800 900 00 100 200 300 400 500 600 700 800

Accumulated Charge (mC/cm?) Accumulated Charge (mG/cm’)

X-ray Aging Test at CMS-GEM Lab. NO aging observed up to ~ 875 mC/cm?
20/02/2019 (4000 hours of continuous tests ) ( ~ 31 years of MEO operation at the HL-LHC ) 25
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1. CMS GE1/1 triple-GEM Detectors Slice Test

= A Slice Test composed of 5 Super-Chambers installed at beginning of 2017
= High Voltage and Low Voltage systems: functional and stable
= DCS and DAQ system: functional and successfully calibrated
= QOperation: successfully detected cosmic muons and muons from p-p collisions

= Other aspects not covered here: gas system, cooling system, cable routing and
other necessary services have been installed/performed and worked properly

= Slice Test removed at the end of January 2019 in preparation for the final
installation of the GE1/1 station

2. CMS GE1/1 triple-GEM Detectors Construction and Certification

= Successful production of 144 /144 (100%) detectors in 10 production sites
= All tested detectors are within specifications ( with uniform performances )
= Full production has been completed in December 2018

= Production of Super-Chambers and final certification are in a full swing
20/02/2019 26



: cMsS, 1
Conclusions (2/2) é

3. CMS GE1/1 triple-GEM Detectors Electronics
= GE1/1 Slice Test has observed irreversible channel loss in the VFAT-V2
=  R&D campaign launched this summer to understand:

= The origin of the channel loss: discharges propagating to the anode plane

= The weakness in GE1/1 front-end protection: new hybrids have been designed
with diode protection

4. CMS MEQ triple-GEM Longevity Studies

= Longevity test ongoing at GIF++ facility ( y - ray exposure)

= NO aging observed up to ~ 182 mC/cm?
= ~ 64% of MEO operation at the HL-LHC

* Longevity test ongoing at CMS-GEM QA/QC facility ( X - ray exposure)

= NO aging observed up to ~ 875 mC/cm?
= 10 years of MEO operation at the HL-LHC ( safety factor 3.1)

= Advanced Longevity Studies ( preliminary results )

= Aging issues originated by particles with different ionization powers
20/0272019 = Clear correlation between specific ionization power and polymer creation rate 27
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GE1/1 Historical

Istituto Nazionale di Fisica Nucleare D eve I o p m e n t k- _/
ot
(0\e
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GE1/1-1 GE1/1-1l GE1/1-1ll GE1/1-1V GE1/1-Vv GE1/1-VI GE1/1-ViI GE1/1-X
(2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017)
Comments:

More than 5 years of R&D to optimize the performance, reliability and construction
Production of 10 Slice Test chambers — installed in CMS in January 2017
(*) Installation of a new GEM production facility at CERN (904 Lab.)

20/02/2019
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Istituto Nazionale di Fisica Nucleare

INFN  GE1/1 Detector Design

GE1/1 Detector Construction

GE1/1 detectors introduced a novel technique of GEM
chambers construction, which avoid the usage of glue

GE1/1 detectors are realizing using GEM foils stretched
by means of moveable FR4 frame (internal). Cathode
and Readout electrode made by standard single layer
PCB. Electrical signal extracted by “vias” on PCB trough
130 pins Panasonic connectors

The internal frames are controlled by “stretching screws”

The tightness of the chambers is assured by an external
FR4 frame sealed with O-ring

Chamber assembly have to be performed in clean room
(at least class 1000) to avoid GEM foils contamination

GE1/1 chamber production distributed in several
production sites

GE1/1 Mass production started in April 2017

internal frame

Sealing screw Movable  Readout connector

Drift plane
Drift board

Pull-out post Stretching screw

Piece of Screws to hold 5
aframe  the GEM Stack GEM Foil

Stretching | '\ 7
Screw \
Pullout \
O-ring I
fixed in the
gas frame

Holes for N
alignment pins

Holes left
without screws
for
Demonstration \,‘

Gas Frame
Drift Board
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QC1 - Detectors Components Inspection and Qualification

All the GE1/1 detector components produced by industrial
companies are delivered to CERN where they are immediately
verified for defects and tested

— Internal / external frames

- Optical inspection to identify possible cracks,
mechanical unconformities and manufacturing defects
on the epoxy glass structure

- Measurements of the width and depth of the grooves
along periphery of the external frame that will
accommodate the Viton O-ring in order to ensure
greater degree of the gas-tightness of the detector

— Viton O-ring

- Measurements of the external diameter in order to
ensure a correct coupling between the O-ring and the
external frame and ensure a correct gas-tightness

20/02/2019
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- Optical inspection to identify possible mechanical damage
and surface anomalies on the drift electrode and its
planarity

— Readout Board

- Optical inspection to check the planarity of the readout
board and possible macroscopic scratches and defects on
the readout strips or Panasonic adopters for signal readout

- Connectivity test in order to inspect the readout board for
possible shorts between strips or open strip-readout
connections

- The readout board under test is rejected if:

- shortcircuit = 4
(in the whole readout board)

-  faulty channels > 3

(inside the same Panasonic adapter) Microscopy photos of the readout strips showing some examples
of defects and short circuits between the readout strips.
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QC2 - Leakage Current Test

The QC2 - leakage current test aims to determine the quality of a
GEM-foil by measuring the maximum leakage current flowing on

the surface of the GEM-holes.

GEM-foils produced in the CERN PCB
workshop are delivered to CMS GEM clean
room, where they undergo to dedicated
QA/QC test:

1. Optical inspection to identify
macroscopic defects on the
copper or Kapton layers, which
could increase the probability of
electrical breakdown and/or short
circuit

2. Dedicated quality control test
(QC2 - Leakage Current test) to
measure the leakage current and
possible discharge

When a voltage is applied across the GEM-foil,
a current flows from its top to bottom due to
the surface conductivity of the Kapton which is
known as leakage current

Low resistance path over
the surface of insulator

Presence of dust, pollution or defects could
provoke an increase the leakage current
flowing through the polyimide surface

It is possible determinate the integrity of the
GEM-foils by measuring this leakage current
and/or possible discharge

20/02/2019
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QC2 - Leakage Current Test

— QC2 Fast Term Stability

- The first step consists of applying 550 V to the GEM-foil
and measure the leakage current between the top and the
bottom electrodes and the number of possible discharge

- QC2 Fast Term Stability is performed both in CERN PCB
workshop before the foils delivered and as soon as the
foils arrive in the CMS - GEM QA/QC lab.

- The QC2 Fast Term Stability is performed with a Multi

Mega-ohmmeter (Megger) over a period of 10 min. in air

- The GEM-foil is accepted if:
- impedance = 10 GQ
- number of discharge < 2
(during the last two/three minutes of test)

- If the number of discharges exceed the limit, the GEM-
foils have to be re-cleaned with antistatic roll or, in the
worst case, with DI water in ultrasonic baths

GEM-foil
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QC2 - Leakage Current Test

l Nz ouT Nz IN I

Schematic view of the QC2 long term
stability setup

— QC2 Long Term Stability

Goal of the QC2 Long Term Stability test is the
ultimate certification of the GEM-foils before the
installation in the GE1/1 detectors

QC2 Long Term Stability test is conducted using
CAEN HV module with 50 pA of current resolution
acquired through LabView based software

The GEM-foils are kept at low humidity level
(~ 7 %) in a dedicated box by flushing in pure dry
Nitrogen (N, flow rate =~ 50 L/hr)

GEM-foils are rejected if the test is failed more
than three times (see next slide)

GEM-foils fails the test are promptly sent back to
the CERN-PCB workshop for cleaning

20/02/2019
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QC2 - Leakage Current Test

— QC2 Long Term Stability

The Long test is divided into preliminary characterization phase
and 3 steps with data monitoring:

During the “first gas flushing period” ~ 36/48 hr,
needed to reduce the relative humidity up to ~7%, the
GEM-foils are kept at 500/550 Volts, (Current limit
100 nA, trip time 1 sec)

Step 1: Slow rump up to 500 V, plateau monitor at 500
and 550 Volts; step is passed if no discharges occurred
for 10 min. for each HV value

Step 2: HV fixed at 600 Volts, current and discharges are
monitored; step is passed if no discharges occurred for
15 min. or no more than two discharges during the last
6 hr (Current limit 50 nA, Trip Time 0 sec)

Step 3: Voltage switches between 100 Volts and 600
Volts, to evaluate a possible off-set in the current
measurement

Monitored Current (nA)

\_/
QC2-Leakage Current Test: PASSED
* :' voltage cycles 4 2
r .l 600 O
1 8
S_rl"—. f ] E
el /500
g, 3l ] E
21 . ; 1 5
: H400 §
R . . S
3300
0
200
4 wontored Curent. — 100
4 Monitored Voitage
! L1 il
% 1 2 3 4 5 6 70
Time (hr)

QC2-Leakage Current Test: NOT PASSED

o

Monitored Current (nA)
[=2]
e
|
%‘ : R S
- R ———e %

2 2
Monitored Voltage (V)

s
(=1
=]

300

- 200

0 . PR |/ ¥ | Monitored Votage 100

4~ Monitorad Current

[ Cec b e il
%0 05 10 15 20 25 30 35 40

Time (hr)

20/02/2019

37



@ GE1/1 Detector
Assembly

Step 1: all the tools are prepared and carefully organized for the assembly (left). The working table,
made of PolyMethyl MethAcrylate (PMMA), is cleaned with an anti-static paper and ethanol
(right).

Step 2: the internal frames, responsible of holding the GEM stack, are cleaned with an anti-static
roll (left) and placed on working table thanks to guiding pins (right).
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Assembly

Step 3: the first GEM foil is tested at 550 V and cleaned again with the adhesive roll.

igh=Voltage
AN -

Step 4: the first GEM is placed on the first layer of internal frames (left). The foils is stretched by
hand and attached to the working table to ensure the flatness and stability of the structure (right).

o=~ g ~\
e L -

\w"‘* -
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Step 5: the second layer of internal frames is placed on top of the first GEM (left). After testing and
cleaning, the second GEM is added to the stack (right).

Step 6: same operation as before, the second GEM is stretched manually (left) and tested at 550 V
(right).

20/02/2019
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Step 7: after the third layer of internal frames is in position, metallic nuts are inserted in the
dedicated housing of the frames. Then, the last GEM foils is added to the structure.

il
i

Step 8: the last layer of internal frames is added to close the stack (left), the GEM stack is protected
by a PMMA cover placed fixed to the top of the internal frames.

Al
il
|
n

\

i

s
| Wﬂﬂ
Il
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Step 9: vertical screws are inserted into the frames in order to attach all the frame layers and GEM
together.

20/02/2019
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Step 11: after being cleaned with the anti-static roll (left), the drift plane is positioned below the
GEM stack (right).

Step 12: lateral screws are inserted in the stainless steel pull-outs attached to the drift board until
it reaches the embedded nuts (left). Then, torque control tools are used to stretch the foils, for a
tension about 8 - 10 cN - cm.

20/02/2019
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Step 13: the possible dust produced during the stretching step is removed with an anti-static roller
(left) and the three GEM foils are tested once again at 550 V.

Step 14: The external frames is equipped with the O-rings (left) and it is placed around the GEM
stack (right).
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Assembly

Step 15: after being cleaned (left), the readout board is placed on top of the external frame to close
the chamber.

Step 16: finally, washers are inserted in the dedicated housings of the readout board before the last
screws are used to attach all the elements together and close the gas volume (left). Picture of a last
generation GE1/1 detector just after the assembly (right).

> 4

’
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QC3 - Gas Leak Test
Identify the Gas Leak Rate of the detector by monitoring the drop
of the internal over-pressure as a function of time and check the
gaS tightness g 32: GE1/1 Defector Producti'on (LS2) )'gz/(:'ifar) 26.05 j;;gg
E 30 GE1/1-X-L-CERN-0001 Detector © (o) 18:35 2 0.2927
= The detector is pressurized at 25 - 30 mbar in § [ c=co
pure COZ § 28} Pu(t)=P. x exp(-t/1)
«—; O;:') >cry = : s S S !
Lt om
b
5 1'0:
= The pressure drop is measured during one hour £ os-
after closing the gas volume 2 N Mtaprennatet ettt teestetestastaty!
0.5
= The experimental data are modeled by the 9 02 07 05 e
funCtion: Pm = P() X e—t/r to extract the gaS Ieak Typical Pressure vs Time curve obtained. during
time constant 7 e e Eor o
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QC3 - Gas Leak Test

— Acceptance criteria

The detector under test is validated if the pressure drop
in the detector + gas system does not exceed:

AP <7 mbar/hr

at initial over-pressure of 25 mbar, which corresponds
to a gas leak time constant:

T > 3.04 hr

Examples of damage assembly components identified as potential gas
leak sources in the GE1/1 detectors

GAPS AT THE INTERFACE BETWEEN THE EXTERNAL FRAME AND PCBs

I BENDED PULLOUTS | [ CLOGGED GAS CONNECTORS —I l FAULTY SCREWS —‘

FAULTY WASHERS

Manifold Pressure P, (mBar)

—_
(4]

—_
[=)

(4]

o

201

— 3
© L Implemented Quality Controls: QC3 Gas Leak Test
% [ QC3 Gas Leak Stand
= 301 Gas; co,
Q- [ Pu(t)=P,x exp(-t/1)
@ 255,
>
(72}
o
21
& 0
2 15
cﬁ% - T~226+105hr
10-
r + Data
5 —— Curve Fitting
0_|\||l|LL|{|\|\|J\|\\l\lu\u\u\l
0 10 20 30 40 50 60
Time t (min)
35
[ Implemented Quality Controls: QC3 Gas Leak Test
[ QC3Gas Leak Stand
30 Gas:co,
C Pm(t):F'ox exp(-t/1)
25

QC3 Gas Leak Test: NOT PASSED
(AP >> 7 mBar/hr)

7~ 0.15 % 0.01 hr

—— Data

— Curve Fitting

5 10 15 20 25 30 35
Time t (min)
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[ QCl ]Material Inspection

=
&
o ch ] GEM-foils Test
i Assembly |
i ‘
= ch GEM-foils Test (fast)
c | SENEE - :
= Gas Leak Test |
.lg L _99_3 ________ I.~35
o @
E QC4 230
k QC5 eg_ 25
2 20
o
- [ ch ] o 15
E 10
ol { QC7 ] 5
| Qcs | :
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QC3 - Gas Leak Test

— Pressurize the detectors at 25 mbar

— Measure the pressure drop during one hour after
closing the gas volume

— Fit the results to extract the time constant of the
system

Statistics: (mean + std.)
Time Constant = 16.2 + 11.8 hr

MS  Preliminary

C GE1/1 Detector Production |: LSZ) : 1 0 E GE1/1 Detector Production ( LS2 ) CMS

" GE1/1-X-L-CERN-0016 T [ Plti=explA-tr]

- Gas = CO, o 102 | Gas=CO, « Preliminary

[ P{t)=exp{A-tr) e m ©

: -og Fae **dli " ee® .

Ay i L%

- S qos" "ot w e, Tt

C O E . ® L * N ***

C O L

- £ 4L

- = E — 4 CERN Long

r GE11-X-L-CERN-0016 X C. —4— CERN Short

- © g —#— FIT Shont

C 3 1 0_1 = l —m— Bari Short

. N E —&— Ghent L

- Typical QC3 plot & - LNF Short

L o - —+— India Short

r Il 1 1 | 1 1 Il | 1 Il 1 | 1 1 1 ‘ 1 1 Il | 1 10_2 1 L 1 1 ‘ 1 1 Il 1 | 1 Il 1 Il | 1 1 Il 1 | Il

.0 0.2 0.4 0.6 0.8 1.0 0 10 20 30 40
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QC4 - High Voltage Test

Determine Current vs Voltage curve of the detector and identify
possible malfunctions, defects in the HV circuit

= The detector is ramped up to 3.0 kV in step of £ " Impemenied Cually Conols: 0G4 -V Tes
200V and up to 4.9 kVin step of 100V in z [ GO0,
. . . . . g B mon mon. / = Rmeasured . Ymon.
pure CO- using a resistive HV divider St
f‘é 0.6—
= For each step, the current through the HV 2 |
circuit of the detector is recorded N
= The experimental data are modeled by the 02} 4 o
function: £pn = (=) X Vanon st ool
equiv. 20
3&15; R?xpsctad=(5:01iq.02)mg
— Acceptance criteria L o
|Rmeasured_Rexpected| = %
= X 100% < 2% R B T
expected Monitored Voltage V__ (kV)

Typical I vs V curve obtained during the QC4 HV test.
(The percentage variation of resistance reflects the goodness of Imon. represents the current flowing through the HV

o ) divider to provid to the detector electrodes.
the linearity of the experimental Current-Voltage curve) iderto provide power o the detector electrodes
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QC4 - High Voltage Test

the third GEM-foil

330 pF

fomG3b|| I > ‘ >

10() kQ ORTEC 142PC  ORTEC 474

— Acceptance criteria

= The detector is ramped up to 3.0 kV in step of
200V and up to 4.9 kV in step of 100V in
pure CO- using a resistive HV divider

= For each step, the intrinsic noise rate R,,,;s. Of
the detector is recorded from the bottom of

Pre-amplifier Amplifier Shaper Linear fanin/out Discriminator Dual timer Scaler

CIockT

R, pise < 0.02 Hz/cm? (at 4.9 kV)

Intrinsic Noise Rate (Hz/cm?)

Determine Intrinsic Noise Rate (i.e. pulses not produced by
ionizing particle) over the entire detector surface

7 %107
[ Implemented Quality Controls: QC4 - HV Test
[ GE1/1-X-S-CERN-0004 Detector '}

L Gas: CO,

6

5} '

B !
45 Rypise ~ 0.0064 Hz/cm? @ 4.9 kV#%*
wt

Oiﬁﬂidliiiﬂ’.\\\\‘\I\\‘\\\\
Monitored Voltage V (kV)

Typical Intrinsic Noise Rate as a function of the
applied voltage obtained during the QC4 HV test:
Rypise = 6.4 x 1073 Hz/cm? at 4.9 kV.
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C\E/RW CMs. |

NI

QC4 - High Voltage Test

— Measure the | vs. V characteristics

— Measure the spurious signal rate over the entire
detector surface

0.65 + 0.23 %

Detector Serial Number

Statistics: (mean t std.)
GEM-foils Test (fast) R/ Rexpected -
Spurious Signal Rate
Gas Leak Test 5 OCMS Preliminary
Yy 1 :5 "~ GE1/1 Detector Production {LS2
HV Test — 4.5 Gas=Cq, T CERN Lo
c - R, ..: 5.0MQ —4— CERN Short
| O 4.0 Fauw — & FIT Short
— - —— Bari Short
S35 4 D shen”
G>J —4— India Short
830 4 e
§ 2.5
@ 2.0
N
o 1.5
1.0 ;S.Z'E']ﬁ'!‘""gg*” LA oo, . % ***iﬂi
0.5 :x‘ﬂ“‘.li-:.- e
:DL‘ I:}:I f Il 0 1 Il *# Il 1 Il 1 1 1 [ ] 1 1 1 1
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—100¢
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(o)) E —+— India Short
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QCS - Gas Gain Measurement

STEP 1
Effective Gas Gain Measurement

— First operation in Ar /CO, (70/30) at
high particle flux

— Get the effective gas gain versus HV in
one readout sector

- =
Amptek Mini-X X-Ray Tube g 140 — s 4 Logartmic scale  — 10° g
&) r 4~ Linear scale = Q

— Gurve Fitting

120

100

8o~

60 §

40

Silver

Target 20k

Voltage Tube 10 kV min. / 50 kV max
Current Tube 5 pAmin. /200 pA max
Output Cone Angle 120°

Both tests performed inside a copper box
using an X-ray generator (~ 22 keV X — rays) '

_______________________________________________________________

A 2-steps procedure to measure the Effective Gas Gain

STEP 2
Response Uniformity Measurement

= Get “internal” gas gain variations map

= Get average gas gain and std. deviation
after compiling with eff. gas gain meas.

Ay
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QCS - Effective Gas Gain Meas.

Measure the Effective Gas Gain as a

function of the voltage applied on the

resistive high voltage divider

= Effective gas gain of GE1/1 detector is measured in
a single readout sector (n = 4, ¢ = 2)

= The Effective gas gain is defined as:

Iro

Gefr = (

500 pF

50 kQQ ORTEC 142A

from readout board

O

KEITHLEY 6487 picoammeter

ORTEC 474

n, X qe X RS)

Pre-amplifier Amplifier Shaper Linear fanin/fout Discriminator Dual timer Scaler

ClockT

Py = 964.0 mBar T, = 297.1 K
4.0

T 1z
I [ -4 Counting Rate {1 £
© 35 -+ Anode Current €
2 -5 2
o 5
o 3.0 O
£ 1 g
o “°F 1 <
O -
2.0f 3
15 ]
2
1.0~ ]
: 1
05— 7
OIUllll\:\lllll.\I-ln\\\‘lll‘\\l\\‘III‘\O
540 560 580 600 620 640 660 680 700
lviger % Po/ P x T/ Ty (uA)
106 Py =964.0 mBar T, = 297.1 K
S ; Implemented Quality Controls: QCS5 - Effective Gas Gain
Ei [ GE1/1-X-S-CERN-0004 Detector
= [ Gas Mixture: Ar/CO, (70/30)
© [ X-ray Tube: Silver(Ag) Target
O 44| X-ray Voltage Tube = 40 kV
% £ X-ray Current Tube = 5 pA
(O] [ msector = 4; ip sector = 2
@
=
© 408
o 10° =
=
L
after P /T correction
10°
—4 Data
—— Curve Fitting

Ll | L1l | L 11 | L | I . | I . | 111 ‘ I . | 1
540 560 580 600 620 640 660 680 700
lyviger X Po/ P X T/ Ty (UA)

divider
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QCS - Response Uniformity Meas.
Measure the internal gas gain variations maps for each detector
= Detector fully irradiated with X-rays
= RO based on analog electronics (APV25)
= Measure the copper fluorescence for every
readout channels
= Compare ionization peak position (2D map)
= The uniformity map is used to calculate the
average effective gas gain and the standard
deviation for each detector
e | Smn b=l =2 ey | gEoess | ow
Q 180 I sector - 4; g secor =2 g f é | aot021t4d 1
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] GEM-foils Test

GEM-foils Test (fast)
Gas Leak Test
HV Test 5 °f
_____ g 45¢
S F
Gas Gain : = ::
Calibration | 5
v TTF
3 25¢
3
8 15
10F
5
0

[ QCl ]Material Inspection

Statistics: (mean % std.)

GE1/1 QC Overview

QC5 -Step 1

Effective Gain Test
— Measure the absolute gas gain in one
readout sector

200

- - 9 +
Long — G, = 5786.9 *
CMS Preliminary
£ GE1/1 Detector Production I o
Loty Charribiers | 'g
= Gas = Ar/CO,, {70/30) b S
= Round 1 Selection | i, =
Fixed HV,, "= 3102V R I
N s
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Gain Variation CE/RW
\

Variations of GEM thickness
" Producers claims 50 + 0.1 um
= j.e. Gain variations:
i 2.4% fOf' Single'GEM (0total/Grotal = V3 X Osingle/ Gsingle)
+ 4. 2% for triple-GEM

+ Second order variations
» Thickness of GEM copper layers (+0.5%)

10*

S. Bachmann et al., ERN-EP/99-48, 1999

Effective&Real Gain vs Hole

= Variations of the hole asymmetry

Variations of GEM hole diameter .
= Outer diameter: 70 + 5 um =
= j.e. Gain variations:
+ 15% for single-GEM R
+ 26% for triple-GEM \_; o
+ Second order variations ;::g z AXF
= Variations of the inner hole diameter ol 0 0 N U S D N Du

Metal Hole Diameter (ym)
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Bending of Drift and RO PCBs

" Induced by GEM stretching

6.95 £ 0.05
(=7.2 w/ O-ring)

External pyjiout  Internal

frame frame
-

8 ¥ - EEEEER—— n S F
S 3 < < S g
H < H o + HOS
w3 (=} (=) n 3
o N Ly | S ——— N o N
Gy N N e &
K2
n o n Bun o
S ¥ B o s s s s in S o £
© g o QOS
H < H o H +H N+
m; o smi
a o R e N t g o
o X B S e &

= |nitial bending from fabrication process

* Induced by mechanical stress on O-ring and internal frames
= Bending due to gas over-pressure
= Slice test production team worked a lot on chamber design and assembly

procedures to mitigate the bending effect

w w B
[4)) o

Response Uniformity { %)
N
(9]

=
o

B. Dorney et al., IEEE-NSS 2016

[h]
o
TT

—
(%)}
TT TT

- Slice Test Detector Production CMS
- Statistical Result

C GE1/1-VII-L-CERN-0004
T GEM1: FOIL-B4-L-0053

Preliminary

O GEM2: FOIL-B4-L-0050

E GEM3: FOIL-B4-L-0052

e S,

S~ -

[8)]
_II

~. Best

configuration

| 11 | | | | | I | 11 1
70 71 72 73 74
Pullout Height (mm)
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) Gain Variation CMS
INFN Q)

in 3-GEM Structures SZ

Bending of Drift and RO PCBs
" Gapprist = 3+ 0.6 mm /Gap;,q,c4i0n =1 + 0.4 mm
= j.e.Electric fields + 20% (drift) and + 40% (Rd

» j.e.Gainvariations: + 7.5% (drift) and + 25% (RO)
(May also change by few % depending on the internal pressure)

Preliminary Preliminary
CMS 1600 0CMS
% 14000- Triple-GEM Detector % i Triple-GEiM Detector
O - GE1/1-X-L-CERN-0002 {in = 1;i6 = 3 (5 14000 GE1/1-X-L-CERN-0002.{in =.1;i¢. = 3
) 1000052 = ACO, (70:30} @5 Lihr 0 ~ Gas = Ar/CO, {70:30) @ 5 L/hr .
8 - X-Rays : 55|§=e (34 MBq) 8 12000 }X-Rays N T= (34 MBq} % % %
© 100002955 °K/870.0 mbar 4 pt - 297.2 °K /969.0 mbar ; } ¢
2 : ;3 te1ett 2 10000} Pt
< 8000- o : . !
= - ¢ += 8000¢ 3t
- 6000 : ¢ : Etrancter 1= 2:9-kV/em- - 6000 : : Epnir = 2.5 kV/cm
3 Erranster 3 = 2.9 kV/cm ] Fl Erranster 1= 2.9 kV/cm
4000 - ¥ Ejaustion = 41 kKV/em 4000E i Eranster 2= 2.9 kV/cm
] ; AVgeny = 371.5V -7 AV =3715V
2000 ] 3 AV\JI:M.?" =' Bﬁq ') V 2000 3 * AV"':”E = 3632 V
3 AVgpys = 346.7 V - ¢ AVgeys = 346.7 V
_I 111 1111 111 | 111 1 1111 111 1 | 111 1 [ 1 1 1 Il 1 1 1 1 1 Il 1 1
8.0 05 1.0 15 2.0 25 3.0 35 00 2 4 6 8
Drift Electric Field [kV/cm] Induction Electric Field [kV/cm]

+ Second order variations
= Thickness of the internal frame PU coating (+ 0.5 %)
= Height of the pull-outs (+ 0.7 %)
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NEN Gain Variation

in 3-GEM Structures SZ

Gas temperature and pressure
= Known effect in gaseous detectors
Gain ~ Exp(arownsend)~ EXP (E/pgas) ~Exp(E xT/p)

= Corrections on Detector HV
Gaing,,.qsured ~ Exp(HV) - Exp(HV X T/P X PO/TO)

o CMS Preliminary

E GE1/1 Detector Production {LS2 )

I Gas = Ar/CO, [ 70:30}

| Thai = 299.6 °K

E Pg,; = 1004.5 mbar

" Tegry = 295.5 °K e

-
o
TTITIT[

—_
o
5]

| Peery = 964.0 mbar s S
ET,=297.1°K o
C Py=964.0mbar < 4
C e

e
& o

E = af

A

E &

r é/éf ’?,i/

F AT A GE11-X-S-BARI-0012
R |

‘%7 GE11-X-S-CERN-0011
1 1 Il

3 Il | L L L L ‘ L L L L | L L L L | L
B 79 g 550 600 650 700

Absolute time since 01/01/2012 [min] Idivider ( I.LA )

Y[TITI

—
2

Normalized parameters [a.u]
o @ =
TTTTT]
-
— - :

—
O&J

[ |Correlation plot:
09— |* Gain
£ |* Temperature/pressure

2

Effective Gas Gain Sector (4,2

+ Second order variations
= Variations of the internal pressure (i.e. gas flow rate)

Effective Gas Gain Sector (4,2)

06

—_
o
5]

—
2

—
O&J

2

CMS Preliminary

E GE1/1 Detector Production {LS2 )
I Gas = Ar/CO, [ 70:30}

| Tgas = 299.6 °K

E Pg,; = 1004.5 mbar

F Togry = 295.5 °K

| Ppery = 964.0 mbar &
£ T,=297.1°K ) pad
C P, = 964.0 mbar /4

W + GE11-X-S-BARI-0012

e

~+— GE11-X-S-CERN-0011

= Variations of the gas composition ( “second order” because under control in GEM QC setups)

I | 1 L L 1 ‘ L 1 L 1 | L 1 L L | L 1 1 Il
550 600 650 700
Idi\.'ider X PO/P X T/TO ( I'LA)
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Istituto Nazionale di Fisica Nucleare

Gain Variation
in 3-GEM Structures

C\E/RW CIVES

4

£
&
H

Total gain variations

CMS

[ Triple-GEM Detector Lok l
- GE1/1 Configuration P
- Gas = Ar/CO, (70/30)  / Lo

¥
) I
" Threshold = 1.6 fC e I
80 |

[ e Data |

70;+'Gm=104 |
L -1- G +/-50% ' ;|; !
[ -i- Gy +-15% A
; b

I

I

I

I

I

I

|

Preliminar,
100 Y :

<]
o

MIP Efficiency (%)

60 —---Fit
501

r .
- .
40+ -

L1l |
10°
Effective Gas Gain

30™
10°

10*

w
o

-k N [\
191 o [5]
T

Time Resolution &, (ns)

CMS

) total —_ 3 7 . 1 % (relative error - first order approximation)

From B2B test beam (data provided by I. Vai and M. Ressegotti - Jan 2017)

Preliminary

o
T T

[%)
T T

[ Triple-GEM Detector

" GE1/1 Configuration
~Gas = Ar/CO, {70/30}
[ Threshold = 1.6 fC

—+— Data
—— G, =10*

10*
Effective Gas Gain

— 2 2 2 2
Ototal = JGGEM thickness” T Ohole diameter~ T abending drift + Gbending RO

Binary electronics
(VFAT3) == large
operating range at
best performance

Individual chamber average gain can be within 50% of the other chamber without
affecting the global performances
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@ GE1/1 QC Overview C\E/RW o

Istituto Nazionale di Fisica Nucleare - —/
QCS5 - Step 2
Z [ QC1 ] Material Inspection Response Uniformity Test
m e e L
o QC2 ] GEM-foils Test — Detector fully irradiated with X-rays
— RO based on analog electronics (APV25)
) . — Measure the internal gain variations map
[ Assembly Y
a |t / Statistics: (mean % std.)
= ( h .
= GEM-foils Test (fast
= [ | QC2 clsTest{fast)  Long — o/p = 15.35 + 6.17 %
D o oy
£1| QC3 | GasleakTest Short > o/p = 11.77 + 3.89%
: .
- | r 2 . CMS rpreliminary _ CMS Preliminary |
E chi HV Test EI_.Q1 ggi GE1/1 Detector Production {LS2 ] P 1335 GE1/1 Detector. Prod chtion (LS2]
————— o, - Long Chambers CERN - E rt Chambers ¢— CERN
il (i D . I g 80L Iéasg= :rISS,,{?OISO) imm g 8ok Z?aﬂ L(;\t:fcgf (70/30} E;‘;I
. QCS Gas Gain I =, g Gain ~ 600 —— Pakistan (bullt at CERN) = g Gain ~ 600 ~&— India
1S * Calibration | = 70f o unitormiy £ 70¢ " Fraseat
CTTTT T T T T o 60 — — 505 Unformiy o 60F 2 ov unitormity
_ T 50¢ T 50-
QC6 | > ol 2w
< S BoE- bl =
E- [ ] 8. E A: Ay ‘* A 8— E ]
t.-lJ QC7 S 205‘. it ge Chee Lt Nt e 3 205@ 8g8p,8° oo
[ CB } o 10?#!: - e2t... H % ** * o 10;@ i #_‘ Py g@ g R oG
L Q % 0200 a0 a0 06 8 0 12 14 e
Detector Serial Number Detector Serial Number
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Istituto Nazionale di Fisica Nucleare

NN GE1/1 QC Overview CIYTS

Chamber selection for SC assembly
= Define the detector pool (not already paired, QCs passed and
validated, physically present at CERN)
= Compile the QC data to select the chambers with the most
similar characteristics

passed Effective
gain

Detector X

Assembly+
passed
Uniformity

failed J failed < failed passed map

v

. B Average
Combined analysis —

passed passed

3

. —p Selection for SC
| =» Optimum HV point

=) Performance check

Detector Y /Y
- Combined analysis
passed passed passed
v Uniformity
failed fa/led fa/Ied<—-ﬂ,d_ map
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Gompact Muon Solenoid

@ GE1/1 QC Overview (CERNE\ Z

: GE1/1 performances
Chamber selection (Long) for SC assembly : /e
CMS A OOFMS Preﬂmmary |
— 50 Hmmmq . 50CMS Preliminary PR Egﬁﬁwwfm (ﬁﬁTﬂﬁ”
8 - GE1/1 Detector Production ! ! I ¥ E - GE1/1 Detector Production p I P gofGas=Ar?g(|)gzu(r?(IJ?go) ' I
£ 45F Long Chambers | £ 45 Long Chambers | 2 FTheshod=16fc |
S 40k Gas = Ar/CO, {70/30) I S 40F Gas = ArCO, {70/30 ) 4o % 80p- / l
E - Round 1 Selection 1"¢ Z = Round 1 Selection ; b= 70:__7. 2 a: 10* I
© 35 Fixed HV, = 3102 V 4+." © 35FOptimized- HV-...-After-§C- Palnng i E_J F i Gy +-50% T
- E ¥ - = B n QL Foig,+-37% o e 0w
§ 305—Before optip i ='|. ¢ 30F Af"‘fopti,niz il = 60:_"" A RN
h E . = atj " r f
5 255 Gy +-50% ~+ it s 25 tfon el 50- |
O ook --+-- G +/- 37 % L O 5nf - Gayg +-50 % L nol s F g
20F r - ol ul av Lt Y - r ; |
oo« CERN b | 2 aearn IR DL |
O ™E . Ghent T Q 15 - CERN R goh RN
10 = Pakistan BRI K 105 . pakistan SE R LA
F -G " g lAS e - L Effective Gas Gain
5F —— Gayg wmo e 55 —+-Ggyq ]
ofu L] N I 05...| L L ......t. ’—SOCMS Preliminary
1 02 1 03 10 4 1 02 1 03 1 4 : g [ Triple-GEM Detector
Average Effective Gas Galn Average Effective Gas Gain ;= 26 Gas « AiCO, | 7030} v Data
i £ [Threshold=161fC —— G, =10*
O .
= 20
= F
Statistics before/after HV optimization: 2 5
C =
Before - G,;; = 6492.1 + 2246.0 (34.6%) -
§
After - G, = 10011.2 i 376.2 (4.8%) A

Round 1 : 56 selected chambers (28 SCL) 0
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Cis,
INFN GE1/1 QC Overview C\E/RW 4

Detector Serial Number

Istituto Nazionale di Fisica Nucleare = _—/ i
e : GE1/1 performances
Chamber selection (Short) for SC assembly : /te
10 OCMS Preliminary
20CMS Preliminary 20CMS H@mmm g 2 fgﬁfwwfm (ﬁ%44%”
r i N ™ — ¢ onfiguration i
- GE1/1 Detector Production I " E - GE1/1 Detector Production ' I > 901 Gas - arico, 70130 P I it
18 stisit Chaitibsis | " c 18F Skoft CRambers E | EE c [ Threshold = 1.6 fC e [
16 Gas = AIICO, {70/30) it S 4 Gas = ACO, (70130! e 2 80 o / |
" Round 1 Selection v | & =z C Round 1 Selection I iT 70:_-7- G,y " I
14 |Fixed HV-=38102:V P R © 14 Optimized HV Aiter 8G- F’alnng e ~ C- g +j gg‘? ; 8 I o
C L I = - o = r- +-37% # 3 8 "
e By Q ‘ ; i = GO:H-Fn ; N T
12¢ 2+ Ggyg +- 50 % ! .'i.;; n 12 2+ Ggyg +/- 50 % At - e
10 - Gayg +- 37 % ot 5 10| -~ Gayg +- 37 % et 50F |
-« CERN o) % [ * CERN ! h - ; I
8:_ 4 FIT. _f: o 1 Q 8:— + FIT i - i 40F . |
6L -Bmﬂ%mmc N © of = Bari Afte,, . ) - A I
-+ India pt”nizati W m o 6;_ + India CMization 1 4 )| I I O 1
4 ® Pakistan Nyt i 4 e Pakistan ok g 10? 10° 104
2: v grascati . - v Frascati R : Effective Gas Gain
e i it ——-G o o :
- avg | . |“ 2; —t- Cayg | D ; " SOCMS Preliminary
0 102 10° 10° 0 1 — 1 3 - 1 PO fcr; " Triple-GEM Detector
H H . . E - [ GE1/1 Configuration
Average Effective Gas Gain Average Effective Gas Gain ;| ;25cas=anco, (7om0) .
: ¢ [Threshold=161C —— G, =10
2 20-
e e [ e [ E L
Statistics before/after HV optimization: 2 o
o L
Before — G,;; = 8705.0 +3246.2 (37.3%) -t
:
After - G,;; = 10006.6 + 364.9 (3.6%) A

Round 1 : 34 selected chambers (17 SCL) 0

: Effective Gas Gain
20/02/2019 : 64



CER/W
\

. v A

. Qc1 |

=

Slac2
) 'inssemblyj
Zl(ac2
£ ac3
Z|(aca_
Q. ( QCS w

" QC6 |
. QC7 |

CERN

20/02/2019

GE1/1 Super Chamber Matching

Material Inspection

GEM-foils Test

GEM-foils Test (fast)
Gas Leak Test
HV Test

Gas Gain Calibration

HV Stability Test

Electronics
Connectivity Test

_[ QCB }CosmicTest

CMS

Compile the QC data to select the chambers with
the most similar characteristics

" Gompact Wuon Solenoid

<— oK Effective
Detector X \ Qcs-1 —‘L gain
0K oK oK A ) Average gain
[lswnblv + [Qﬁ >{ ac3 >{ ac4 1 Combined analysis
_ : : acs-2 'I' Uniformity
failed failed failed oK map V—-‘ 3 Selection for SC
ox Effective | BEST L3, Optimum HV point
€ MATCH
Detector Y qcs-1 gain e —> Performance check
OK | oK oKk A ) o]
[.m..uy + [qca -Lma > ac Combined analysis |ro=r=:. o.in
Tailed e failed a2 F uniformity
alle afled €— J ok map
Before Optimization After Optimization
M
- . 507C S T . 50,(;“"S HE I
@ & | _: GE1/1 Detector Production | @ | GE1/1 Detector Production P
0 c 45 Long Cnamber(s \ T = 45 Long Chambers T
3 4p-Gas=ArCO, (70/30) NP B S 4o Gas=ArCO, (70/30) i |4
g Z 405 Round 1 Selection MY =z 403 Round 1 SeI:ction vl i |
£~ © 35EFixed HV,; = 3102y ?. ® 35--Optimized HV.__ After SC Pairing ;
O B30 e 3 30- P
o O, et mp o in)
€ S 4-Gyy w | S 25F v }::
S 8 20} metes Gav +l. 50 ‘%’ 3. c.:: 8 20; _+'Gavg : : 1:
D o G #-37% b D .of Gy +-50% S B
el 0 15 avg N i A 15F . ¢ M i T
~ - « CERN R 1) E 3 Gayg #-37 %
w E i LIERYY Sd -+ Ghent
G 5- = Pakistan LTy 55 u Pakistan
Qfl v Wb ® Ofl v i L
10 10° 10* 10 10° 0t
Average Effective Gas Gain Average Effective Gas Gain

(G)esr ~ 5786.9 + 2108.8
()'/(G)eff ~36.4%

(Gegs ~ 10011.2 + 376.2
6 /(Gegr ~ 4.8%
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CER/W
\

. v A

_Qc1 |

=
Slac2
) 'inssemblyj
Zl(ac2
£ acs

Z|(aca_
Q. [ QCS \

' QCé |
. QC7 |

CERN
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GE1/1 Super Chamber Matching

Material Inspection

GEM-foils Test

GEM-foils Test (fast)

Gas Leak Test

HV Test

Gas Gain Calibration

HV Stability Test

Electronics
Connectivity Test

_[ QC8 }CosmicTest

CMS

Gompact Muon Solenoid

Compile the QC data to select the chambers with
the most similar characteristics

<— oK Effective
Detector X Qcs-1 —¢ gain
0K oK OKL f ) Average gain
[lmmblv + [ﬁﬁ >{ ac3 >{ ac4 Combined analysis
\ \ L )
Uniformit
- - - Qcs-2 4 Y
failed failed failed oK map h J . Selection for SC
Effectt | BEST 3 Optimum HV point
€ oK ective MATCH > Performance check
Detector Y | Qcs-1 —VL gain 7}
oK OK oK A .
[lmmblv + [qﬁ 21 acs > Qca [ Combined analysis Rverage gain
| < I acs-2 ‘1‘ Uniformity
failed failed failed oK ma
—__ p
Before Optimization After Optimization
CMS CMS
- « 200 - . 20r I
Q 8 E GE1/1 Detector Production R 8 F GE1/1 Detector Production |
L £ 18 srortChambers £ 18/ short Chambers ey
E S 1 Gas=ArCO, (70130 R It S 1| Gas = ArCO, {70/30) ot
@ e F Round 2 Selection i+ | < Round 2 Selection I Y
= © 147F1xedHVdm_3102V L © 1470ptlmlzed HV__After SC Pamng L
S o i N 1
o (%12:+Gan ‘.‘r.'l_:: ® 125 :‘I'::
b " :: " F avg H "
'g § 10 1 Gigug +- 50 % o 5::| i - é 10:—-:-»G,,,g+f-5o:/e ’ v i
= 8 8E -+ Gy +/- 37 % PRI 5] 8t 4 Gayg +-37% i t
@ 8- . CERN “ ! del L ©F . CERN Lo
(%)) 8 g » FIT L gtals it 8 6 » FIT edph
i - = Bari ok ¥ |em - = Bari L I
- 4 + India & E E-+-| 'ﬁ' . 4+ + India }- fAlE
— - e Pakistan LR . e Pakistan P T
L 25 v Frascati . 5::][_‘;; 2[ v Frascati v {}5
O 071 N RS ohil sl i
10 0 10 10? 10

Average Effective Gas Gain

(G)esr ~ 5786.9 + 2108.8
()'/(G)eff ~36.4%

10
Average Effective Gas Gain

(Gefr ~ 100112 + 376.2

G/<G)eff ~4.8% 66



GE1/1 Detector Production Status

On-time production

= 160 detectors already assembled /

Endcap 1
= 148 detectors fully validated up to QC5 0 neesp
= 7 validation on-going
= 5QCon-going
= 3 haber rejgcted (need intervention) (T [
= o l assembled validated

f S

= Successful production of 160 detectors in
10 Production Sites

= All tested chambers within specifications

Full production of 144 detectors
(2 full endcaps) completed in
December 2018
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GE1/1 Long Chamber

(GYofr ~ 5786.9 + 2108.8 > 6/(G)efr ~ 36.4%

GE1/1 Short Chamber

(GYefs ~ 7980.0 + 2893.0 - 6/(G)ess ~ 36.2%

Detector Serial Number

Detector Serial Number

50
45
40
35
30
25
20
15
10

20 CMS Preliminary
T T S
F GE1/1 Detector Production I 8
18;Short Chaifibers ST [=
160 Gas = Ar/CO, (70/30) [ S
[ Round 1 Selection | & E
14 Fixed-HV ;= 3102V T &
E bl @
120 i~ Gyyg +1- 50 % v .i.:. 2
10:_":"Gavg+/'37°/° :':-* | :: B
C « CERN o 5
8- 4 FIT i ‘.ii Q
E = Bari hoen ©
6 + India PR a
4[ e Pakistan I
r v Frascati I ot
2 e 1
0_\\\‘ | MR SR BT
10 4

Before Optimization

CMS Preliminary

After Optimization

50

. GE1/1 Super Chamber Matching

CcMSs Preliminary
E GE1/1 Detector Production :

45 Long Chambers
Gas = Ar/CO, (70/30)

40 . e
Round 1 Selection P
35Optimized vam After-SC-Pairing-+--

30

e i — — —

25

"‘:"Gavg
-G

'avg

20

+/- 50 %

+-37 %

é GE1/1 Detector Production I E
E Long Charibers | c
E Gas = Ar/CO, [70/30) o] 0 =]
£ Round 1 Selection 4 <
EFixed HV, ;= 3102V 4o ©
£ _T % E
E b w
ot Gy +/- 50 % ety 5
E i Gy +-37 % el g
-+ CERN A 2 ©
- . Ghent e -
- = Pakistan ‘:‘;i
- =Gy L
L b S PO
102 10° 10*
Average Effective Gas Gain
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100 10*
Average Effective Gas Gain

15
10

20
18

14
12
10

L= T \S I =)

CERN
Ghent

Pakistan

—t- GIavg

E

102

10° 1
Average Effective Gas

CMS

Preliminary

04
Gain

(G)efr ~10011.2 + 376.2 = 0 /(G)essr ~ 4.8%

F GE1/1 Detector Production

E Short Ghambers
Gas = Ar/CO, {70/30)

Round 1 Selection

d-H\.-....After

- —

B

- Gavg

i-- Gy +- 50 %
- Ggyg +-37 %

CERN

P

FIT
Bari

India
Pakistan

+1l—t

Frascati

3 F

1

3

4

0 0
Average Effective Gas Gain

(G)efs ~ 10006.0 + 364.9 > 6/(G)esr ~ 3.6%
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Gompact Muon Solenoid

CMS
INFN Longevity Studies C\E/RW

4

Istituto Nazionale di Fisica Nucleare

Aging of Gaseous Detectors:

Radiation hardness
= modifications of the physical, chemical and electrical properties of the detector materials

Long-term damages/variation of the structure
= modifications of the stretching strength with time inducing non-uniformity
= discharges-induced damages

Classical Aging
= production of polymers in the plasmas during the amplification ( gain losses, non-uniformity, self-
sustained discharges, increase of the dark current, degradation of the space/time/energy resolutions,
lower rate capability, etc. )

Clean (new) Wire Rl ) ] co Aged (Output) Wire
Au/W ARG ‘ Impurmes ‘ Au/W

CF Chemical reactions
& recombinations
Polymers : big
tlcky molecules
Gas Mixture by )

Plasma

' »

Complex phenomenon

= Many input parameters ( technology, geometry, mode of operation, charge, gas mixture, etc. )

= Several possible processes ( plasma conditions )

= Various results ( type of polymers, physical state, electrical properties, etc. )
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Istituto Nazionale di Fisica Nucleare

. CMS
@ Longevity Studies C\E/RW

Aging of Gaseous Detectors:

How to measure longevity of gaseous detectors?
— Measure various properties of the detector at different accumulated doses

— Monitor gas gain fluctuations during the irradiation

Requirements:
— Accelerate aging with strong radiation

— High acceleration factors reduce polymer production rate ( so aging effects )

— Recommendations:
= Acceleration factor < 100 X real operation (realistic conditions)

=  Accumulate expected dose with safety factor

— Monitor the environmental parameters:
= Temperature
" Pressure
" Gaspurity / gas flow rate

— High Purity Systems:
= Aging mostly enhanced by pollution in the gas mixture

20/02/2019
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Istituto Nazionale di Fisica Nucleare

MEO Longevity Studies CE/RW CMS
at GIF++ facility £

600—
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x [em]

0
-200

-400
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-400

-200 0 200
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400

600

107

108

m2s]

10

Current [ci

10*

3

Gamma Irradiation Facility (GIF++)

i ?
How to T'epT'Oduce the agln'g effeCtS | Gamma Irradiation Facility (GIF++) _>§
= The facility consists of an intense 14 TBq | | |
(in 2015) *7Cs source emitting 662 keV Memtamthesrs | || oo ]
photons and lower energetic scattered | “”‘"""““"{A detector
) e
photons ‘ | | |
= The GIF++ photons have an energy fairly Preparation
representative of the energy of LHC/HL- | |
LHC photons seen by the muon detectors 13 GAS system
T 108 | Power Supply

The GE1/1 detector under test is placed at ~ 1m
from the source point ( D, position ):

upper half of the detector is operating under
a particle flux just below 108 Hz/cm?

lower half receive a flux lower by four orders
of magnitude ( 10* Hz/cm? )

20/02/2019
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@ MEO Longevity .SFudles C\E/RW CMS
at GIF++ facility L

3
B
E
:
3

Experimental Setup at GIF++ facility

Detector Under Test and Conditions of Operation:
= CMS GE1/1 triple-GEM detector 4" generation

( representative of the detectors that will be installed in the CMS Muon end-caps )

= Effective Gas Gain: 2 x 10*
= @Gas Mixture: Ar/C0, (70/30) - Gas Flow Rate: 5.0 L/h

' Irradiated chamber @ GIF++ during the aging
: studies 2015/2016: ~ 55 mC/cm? collected :
i in about 6 months of continuous tests.

stainless-steel tubes input flowmeter

Ar/C0O, (70/30)
pre-mixed gas bottle

=
. >y

pressure regulator particle filter (2um)

@

exhaust
(polypropylene tubes) output flowmeter

2017/2018 Longevity Test Campaign
Gas System @ GIF++

GE1/1 triple-GEM
(4t generation)

Q0

New setup designed in aluminium
bosh-profiles and assembled to host
the triple-GEM chambers

The DAQ electronics placed below
the detector structure and protected
inside the lead shielding box

20/02/2019
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Installation inside the GIF++ facility

o't J,P e | B CMS-GEML1 setup inside the GIF++ bunker ( front view )
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CMS-GEML1 setup inside the GIF++ bunker ( back view )
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Arduino Meteo Station

= Aging — Effective Gas Gain — Perfomance/Characteristics

Data Acquisition System at GIF++ facility
How to identify the aging ef fect?

= |mpossible to measure all performance and characteristics during the irradiation test.
— Requires specific experimental condition ( beam, low energy X-ray, etc. )

— Probability to disturb the system during the irradiation test

m sectorin =7,id =2

to CPU
€—— Nat.Instr.

2017/2018 Longevity Test Campaign
Readout System @GIF++ facility

to CPU
—

VAq (ﬂ,'oc @ sectorin =2,ip =2 e
<(_)} &
PoaaN Press. mBar
v PENR
TRG." Hum. %
(O =Sector Under Test
Readout System:

2 pico-ammeters to monitor the anode current
during the irradiation test.

Meteo Station:
Meteo Station inside the GIF++ bunker to monitor
environmental parameters.
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CERN CMS
\\_/

Gompact Muon Solenoid

Analysis Procedure at GIF++ facility

How to extract the aging ef fect from the raw data?

= The anode current, which reflects the effective gas gain
of the detector, depends on the gas density, function

itself of the temperature and pressure:

Ireat = Imeasurea % (Pi X <

GE1/1 Meteo Station
Keithey 6487 T/P/RH Sensor
Anode Current T/P/RH

charge after
amplification { gain )

i) (2
— X
P; T;

= Environmental fluctuations can hide the aging effect

environmental
fluctuation

Conversion Conversion
Anode Current T/P/RH
—
Synchronization Build the events

Raw Data

Zero-Suppression

Zero-Suppression data

L

Correlation
G = (T, P)

L

Correction &
Normalization

Plot

with all the
relevant data

Remowe all the events with
the source OFF or
attenuation

by factor grater than 1000

Correlation between gain
fluctuation and
environmental fluctuations

Remowe the
fluctuation due the
Environmental

A

o 1.02

-
o
o

o
©
®
T T

Normalized Paramete

o
©
L=zl

0.92—

t —Jr— Normalized Temperature/Pressure

0.90

- -
= [N
o o

Normalized Anode Current
>

parameters and
produce the final plot
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B
f
+ Normalized Anode Current

| | I | | I |
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Time (day)

The gas gain is corrected by using the relation:

gt = Imoas, X (P, x <1/Pp ) 1 (<T >/ T,

1.05
1.00
0.95
0.90
0.85 +Normalized Anode Current
+Normalized and Corrected Anode Current
ogol— o Lo Lo L L |
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Total Integrated Charge @ GIF++ up to
August 2018: ~ 182 mC/cm?
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Normalized Anode Current
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0.4

0.2

0.0

Gap configuration 3/1/2/1 mm

Gas Mixture: Ar/CO, (70/30) - 7 L/hr
Irradiation at GIF++ Facility

Cs' (14.1 TBq in 2015)

662 keV v (30 kHz/cm?)

Initial gas gain = 2 x 10*

new aging test

%

resulls from 2016 aging lest

after P/T correction

—+— GE1/1-IV-S-CERN-0002 Detector

I|III|Illlll]lll]lll]llllllllllJlJ

0

20 40 60 80 100 120 140 160 180
Accumulated Charge (mC/cm?)

NO aging observed up to ~182 mC/cm

( ~ 64% of MEO operation at the HL-LHC)

Accumulated Charge and Anode Current Measurement

= The longevity studies will continue
at the GIF++ until the detector
accumulates a total charge of
about ~ 850 mC/cm?*

= This will take additional 5-5.5
years of exposure due to the duty
factor of the GIF++

= To overcome this extremely long
time, an additional longevity test
has been setup in summer 2017
exposing a GE1/1 triple-GEM
detector to ~22keV X-rays
photons at CMS-GEM QA/QC

2 facility (904 Lab.)
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CMS, i

= QA/QC X-ray station adapted for longevity
studies

= Source: 22 keV X-ray photons from X-
rays generator

= Detector: LS2-GE1/1 detector with the
final geometry and materials

Experimental Setup at CMS-GEM facility

X-ray configuration:

The X-Ray gun has been placed at 12cm from
the detector in order to:

Maximize anode current and accelerate
aging studies (5 months instead 5.5 years
at GIF++ facility)

Irradiate the GEM-foils, external / internal
frame, O-ring, etc.
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2017/2018 Longevity Test Campaign

e e, 0 .
Data Acquisition and Analysis Procedure
GE1/1 Meteo Station
2017/2018 Longevity Test Campaign T Keithey 6487 T/P/RH Sensor
Readout System @ CMS-GEM QA/QC Lab. e T/P/RH
=2
-D,_: charge after environmental
3 amplification { gain ) fluctuation
m sectoring = 2,ip =2 2
Pico-A 8 .
U a Conversion Conversion
Q
N Anode Current T/P/RH
3 — .
to CPU <——— Nat.Instr. 4 Synchronization Build the events
T — with all the
Raw Data relevant data
m sectorin = 6,ip =1 - ¥
. . Pico-A p—m—m—m—m—— - 3 .
Arduino Meteo Station v g Zero-Suppression Remove all the events with
m sector i) = 6,ih = 2 % Zero-Suppression data  —* the source OFF or the
A Temp. °C PicoA}brooi o~ Q. detectors not powered
ocru | vAg \_/ N !
XY : - ——
DA Press. mBar mse:tor in=6ip=3 o Correlation Correlation between gain
V «—— Pico-A B = f(T P) — fluctuation and
\_/ l ’ environmental fluctuations
- - Remove the
TRE" Hum. % ()  =Sector Under Test Correction & fluctuation due the
Normalization —3 Environmental
=Irradiated Zone Plot parameters and
produce the final plot
Readout System: During the irradiation test, in addition to the

3 pico-ammeters on the irradiated zone to monitor , Monitoring of the anode current:

the anode current during the irradiation test » The effective gas gain and the energy resolution
have been continuously measured every week on

the readout sectors under test.

1 pico-ammeter on the non-irradiated zone as a
reference during the irradiation test
= The gas gain map uniformity measurements have

] o been performed every month to check for the gas
Arduino Meteo Station inside the X-ray copper box gain variation between the irradiated and non

to monitor environmental parameters. irradiated detector active area.
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Accumulated Charge and Anode Current Measurement

NO aging observed up to ~ 875 mC/cm?
( ~ 31 years of MEO operation at the HL-LHC)

o
N
o
o

HL - LHC year ex i
posure time ) - 2,
0 5 10 15 20 25 30 E904tab = — ~83%| |R(Qintdgsy~ 5.6 mC/cm” - day
C\’.I—\ CTr T I ‘ T T | T T | T 1T | T T | T T ‘ [ ota tme
E 900— 7 . .
8 [ Safey Factor 3 (849 mc/en’) /.. Efficiency @ 904-Lab. Integrated Charge Rate
E 800% E ~ 20 hr of continuous irradiation per day
S 00: . CICJ " Gap configuration 3/1/2/1 mm
S s00 E = 1.8/ Gas Mixture: Ar/CO, (70/30) - 5 L/hr
o [efeezeente) = 3 | Iradiation at CMS-GEM QA/QC Lab.
) 500:— E @ 1.6 — X-ray Tube: Silver(Ag) Target
% E ] '8 - 22keV X-ray (10° Hz/mm? @ 30 cm - 50 keV/1pA)
E 400 — g: 1.4 Initial gas gain = 2 x 10*
3 c ] ook
é:) 300 :—Safety Factor 1 (283 mCicn’) _: GNJ 1.2 ;
- . T 1.0m
200— — E - )
- - So08- after P/T correction
100 —— GE1/1-X-S-CERN-0002 Detector —| =Z T
- ‘ | ‘ N 06— ( fluctuation within 2% )
0082017 1072017 1272017  03/2018  06/2018 C
Time (day) 0.4L
. 0.2 r 4+7 GE1/1-X-S-CERN-0002 Detector
X-ray Aging Test @ 904-Lab “r
( 4000 hours of continuous tests ) 0.0— I — L T |

400 600 7800
Accumulated Charge (mC/cm?)
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CERN

4

Gompact Muon Solenoid

= Sector Under Test

O

= lrradiated Zone

conditions.

auoz pajpippilf JoN

auoz pajpipoly

Pre-amplifier Amplifier Shaper Linear fan infout Discriminator Dual timer

500 pF

]

from readoutboard

50 k2 ORTEC 142A

Lo

KEITHLEY 6487 picoammeter

1

=  Effective gas gain stable during the entire
irradiation test and only fluctuates within
10% of its initial value.

= Gas gain fluctuations include also the
variations induced by the environmental

ORTEC 474

Weekly Effective Gas Gain Measurement

(i.e.every ~ 30 mC/cm?)

Scaler

CluckT

Standard QC5 effective gas gain

LS2 GE1/1 detector qualification.

i measurement developed for the i
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NO aging observed up to ~ 875 mC/cm?
( ~ 31 years of MEO operation at the HL-LHC)
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Gompact Muon Solenoid

- — 800
Weekly Energy Resolution Measurement @ °[sixscemoeoes 1,
c C | Gap configuration 3/1/2/1 mm — Global Fit
. 2 S 7001 Gas Mixture: Ar/CO, (70/30) - 5 Luhr
(i.e.every ~ 30 mC/cm?) S| oo™ 2oy xeay 1474 MEQ
O 600—| Effective gas gain = 2 x 10*
T C fll photopeak Cu k- line fluorescence
Arduino Meteo Station 8 C | curve Fitting: ‘
PooTTTTTTT T ' <C 5001~ Y=t )+, )+ ,(X)
g Temp.°C | 109¢d source : B - (), i pho
=1 : A . \ 1 C f,(x) = gaussian func. — photopeak
§ tiﬂ qwb : ‘.‘ 22 keV X _ ray phOtORS : 8 400j f5(x) = gaussian func. — escape peak
2 % PV‘\ Press. mBar ' . o ' "= C | 1300 =5" order poly — background
g : ! Activity: 14.74 MBq ! *E' 300} i .
'S‘ :_ : LIJ F rvescaipepea
H Rel. Hum.% T TTTTTTTTTTTTTTmTmTTmomTemoT L
200
T 100f-
= Pre-amplifier Amplifier Shaper Linear fan in/out MCA OE L i e
§: from readout board /\ 0 400 800 1200 1600 2000
2 Il> D ADC Channel
) ORTEC142A ORTEC474 AMPTEKMCA-80000  __ qg
¥ 5 [ GE1/1-X-8-CERN-0002 Detector
= L Gap configuration 3/1/2/1 mm
- S 30 Gas Mixture: Ar/CO, (70/30) - SLihr
O = sector UnderTest T [ Cd'"™(22keV Xray - 14.74 MBq - 10/04/2017)
=Irradiated Zone g 25f m=6;ip=2
o -
The experimental data are modeled by the function: S 20> .
:': & = G!w 5 =] & 2.8 & @ 5 & @63 -
y=[1(0) + f2(x) + f3(x) %’ 15
. photopeak sigma value o 3 10i NO aging observed up to ~ 875 mC/cm?
fl (x) = gaussian func. - photopeak - - o C ( ~ 31 years of MEO operation at the HL-LHC))
photopeak mean value u - I
&5 =L . el s 0
f2(x) = gaussian func.— escape peak Energy Resolution E 5; ( fluctuation within 3% )
LIJ OT\I\\‘I\\\‘\\\Il\\|||\|||||||||||II|IIII|III\
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(i.e.every ~ 100 — 120 mC/cm?)

= Gas gain map uniformity measurements
to check for the gas gain variation
between the irradiated and non-
irradiated detector active area.

= Standard QC5 response uniformity
measurement developed for the LS2
GE1/1 detector qualification.

n

2D normalized ADC peak position shows
similar pattern up to 875 mC/cm?.

The results of the response uniformity
measurements demonstrated that the
detector remains fully operational after
875 mC/cm? of accumulated charge

~ 570 mC/cm? ~ 662 mC/cm?
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Advanced Longevity Studies:

= Investigate aging issues originated by particles with different 56 MeV
ionization powers to properly represent the long-term gaseous alphas
detector behavior in real experiments:
241Am: 5.6 MeV « - particle and SFe: 5.9 keV X-rays Sg(?akesv
y
Detector under test:
= GEM 10 x 10 cm? prototype irradiated in two different sectors GEM 10x10 prototype

Method to accelerate the aging:
= Contaminate the gas mixture with pollutants (hydrocarbons and Si - based molecules)

X - rays irradiated hole « - particles irradiated hole

' ‘ = Light Si deposits on '} = @ = Si deposits on the entire

the top layer around top and bottom surface
‘ the holes (2 - 3 um)

{ : with larger structure in a
= Perfectly clean surface 1 S strip of 10 - 15 um
P ‘ on the bottom side
Fr ol e oy e oy, v o @CERN ol (et 1M e etboow sae x a1

‘ around the holes
o i @CERN

NO degradation of the effective gas gain and energy resolution
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