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CMS GEM Proposal
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- higher BX identification efficiency e B - S ]
- 0, comparable comparable to CSC 1 3057
- rate capability > 10kHz/cm? _ : e
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- operation in high magnetic field
(3.17) GE1/1:

- resistant to aging > 20 years (HL-LHC/ » improve L1 and HLT muon momentum
Phase Il) resolution, to reduce or maintain global

muon trigger rate

» restore redundancy
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o »GE1/1 :10°in O triple-GEM

Endcap " 4} »2 GEM chambers form a“super chamber (SC)”
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| 2010 2011

Generation |
The first 1m-class
detector ever built but
still with spacer ribs
and only 8 sectors
total.

with 24 readout

glued.

Generation Il

First large detector

sectors (3x8) and
3/1/2/1 gaps but still
with spacers and all

Generation I
The first sans-spacer
detector, but with the

outer frame still glued
to the drift

Prototyping, DAQ &trigger

Generation IV
First detector with
complete mechanical
assembly; no more
gluing parts together!

Generation V

Stretching apparatus
that is now totally
inside gas volume.
test beam campaign
for final performance
measurements.

Generation VI
Latest detector design;
Optimized final
dimensions for
maximum acceptance
and final eta
segmentation.

electronics&chamber

and QC procedure of Slice and trigger Production GE1/1 chambers with

detectors. First prototype of .prototy.pe commissioning. final electronics
VFAT3 installation
2015 YETS 2016 2016/17 2017/18 2018/19 >

Full installation of
GE1/1 with final
electronics
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GE1/1- prototype I:
- Size : 99x(22-45) cm?
- Single mask
- Gap configuration : 3/2/2/2
- 8readout sectors
(1024 channels)
- Glue/Spacers

Effective Gain Rate (Hz)
1.E+05 Ar/COZ (70/30) 3500
T°:22.8°C 3000
P: 975 hPa 2500
1.E+04
Xray 8keV 2000
Ar/CO2/CFA
(45/15/40) 1500
1.E+03 T°223°C
P: 974 hPa 1000
Hu: 16% 500
1E+02 & Xray 8keV 0
630 680 730 780 830 880

Divider current (uA)




GE1/1- prototype Il:

- Size : 99x(22-45) cm?
- Single mask
- Gap configuration : 3/1/2/1
Gain
- 24 readout sectors 1.E+05
(3072 channels) 1.6404
- Glue/Spacers 1.6403
Effective Gain 1.E+02 Rate (Hz)
LE+05 1707 (70/30) | 3500
T®: 22°C i )7 3000
P: 954 hPa /MH » Y
Hu: 46% M 2500
1.E+04 Xray 8keV
2000
Ar/CO2/CF4
(45/15/40) 1500
P: 952 hPa
Hu: 27% 4 500
1LE+02 Xray 8keV 0
630 680 730 780 830

Divider current (uA)




GE1/1- prototype lll:

Size : 99x(22-45) cm?
Single mask
Gap configuration :

3/1/2/1

24 readout sectors

(3072 channels)
No Glue/No Spacers
Effective Gain . Rate (Hz)
T°: 23.1°C 4000
1.E+04 £:264hPa : 3500
)"('”- 4;(’ v 3000
ray ke 2500
1.E+03
(45/15/40) 2000
T°:23.5°C 1500
P=958-hPa 1000
Hu: 3;;? 500
PN Xray 8keV 0
600 650 700 750

Divider current (uA)




1.E+05

1.E+04

18/03/15

GE1/1-

Effective Gain

rototype IV:

- Size : 99x(22-45) cm?

- Gap configuration :
3/1/2/1

- 24 readout sectors

(3072 channels)

No Glue/No Spacers o

4000
Ar/CO2 (70/30)
T°:21.1°C 3500
P: 954 hPa 3000
Hu: 31%
Xray 8keV 2500
Ar/CO2/CF4 2000
(45/15/40) 1500
T°: 21.9°C
P: 959 hPa 1000
Hu: 32% 500
Xray 8keV
ray 8ke 0
550 600 650 700 750 800

J.A.Merlin

(On behalf of the CMS GEM Collaboration)

Divider current (uA)
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% GE1/1 prototypes

GE1/1- prototype V:
- Size : 99x(22-45) cm?

- Single mask

- Gap configuration : 3/1/2/1
- 24 readout sectors

(3072 channels)

No Glue/No Spacers

__ 3000 - Ar/CO2 (70/30)

I Xray 23keV

9 2500

© ‘(Jr4k4ﬁikiiifﬁ‘

S 2000

o Ar/CO2/CF4
© 1500 (45/15/40)

/ (= / Xray 23keV

v et

520 570 620 670 720 770 820

h NS
|

| Current in Divider (uA)

18/03/15
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Effective gain



GE1/1- prototype VI:

- Size : 120x(20-50) cm?

- Single mask

- Gap configuration : 3/1/2/1
- 24 readout sectors

(3072 channels)
- No Glue/No Spacers
-> Super chambers

18/03/15
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Overview of VFAT2+TURBO
Readout System
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-
Timing | [£8
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e - N ) 5;\\
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A S scinte /F,ﬁ
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Coincidence | .
I MSPL
| . ) Threshold
- | ' ‘9'9 Latency
Beam Monitoring€ Trigger 1 5 Ishaper
1 I I & Icomp
A —— J DATA &,
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TRIGGER from Scintillators

Scintillators

lTRIGGER fromTCIock to OptoTSBIT to

Hybrid

TDC

VFAT2 + TURBO

A

B _GE1/1-IV GIF
G

GE1/1-IV Fras’catl f1/1 il

GEB + Opto-Hybrid

TRIGGER from 9* Clock from SBIT to
Scintillators TURBO TDC

18/03/15

APV25 + SRS + SRU
i

APV TRK 1

N
APV TRK 2
10x10 HoneyCombK 2014 setup

J.A.Merlin
(On behalf of the CMS GEM Collaboration)
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GE1/1 performences

c | GE1/1-1V Spatial Resolution
g 14000 i Ag Xray 22 keV " - __GEM Residual
8 ! GE11-IV E 1200 —{_GEU1LIV_}—] Entries 10120
& 12000 ! A GOLCE 14515140 5 = Thr= 15 VFAT untts x2 I ndf 724.7 /97
Q : rGLrLR, 4o 10 C Constant 1193+ 17.1
8 ! 1000 - Arico, . Mean 1
O Gas mixture: Ar/CO,/CF ,(45:15:40)
8 10000 : - a 0.2678 + 0.0025 \>
w | - >
8000 i . sy, 800 — \
7200 3 i: i i' PR l‘s;al.' e e -
6000 i 600 —
1 =
4000 c e 400—
Very high rate capability =
2000 : 200l o, <300 pm (digital readout )
! C
110 kHz/cm? equivalent MIP - { \L_I
0 P U EUR T Ll [T P
1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 3 4 2 -1 0 1 2 3 4 5
Interaction flux [kHz/cm?] Residuals [mm]

| GEM efficiency performance ]

-
o
o

Ff[l( iency Plateau
- -

=
>
2 20 Muon beam 150GeV
.g 80 VFAT thr=25u,.,:
& VFAT,:; =4 (100ns)
w70
Standard double-mask GEMs
60 Ar/CO2/CF4 (70:30) conf. 3/2/2/2
50 k GEMs
1 f .
40
Single-mask GEMs
30 Ar/CO2/CF4 (45:15:40) conf. 3/1/2/1

Detector efficiencies above 98%

Standard GEM Timing Performance -
P 1 GEV! July 2012 jrunidd)
' 3 . — Thesahold = 20 viat i
=3 > 09 Comparaty Cument =80
= Q MPLe1
<) Gas mixture, detector gap sizes (mm) c MAGNETICRELD= 05T
s = o 08 Gas M =Ar/ CO, | OF, UE:1540)
3 o Ar{T0):CO (30) 321272 ) Cumiat= B00UA
S =07
z . Ar{45):CO (15):CF (40) 317211 w
)
£ 06
=
" 05
04
.
* - A d . 0.3
’ 0.2
0.1
° 1 2 3 . s L]
E i [kViem] 0 4 0 1

Reached ©°4-5 ns with Ar/CO,/CF,(45:15:40) ; >95% BX identification
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[ ]
4 st Pgcpinses G E 1 / 1 Io n g eVIty 7/
. Sector 1 : Normalized and Corrected Gain
..... Aging Test at GIF
Gamma Irradiation Facility (GIF) [[}/1 2 E § :
[T [ ] 1 - 137Cs source 566 GBq B Norm. only : = :
137Cs source . H
566 GBq - Gamma emission 4 - Norm. and Corrected
662 keV . .
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NEW SETUP
at TIF

“—_ Gas:Ar/CO2/CF4 : 45/15/40

Example of rejected material Example of accepted materlal

3 Polyurethane CellPack S Polyurethane NUVOVERNE
5 no correction @ =
s PLC maintenance 3 e ? — L e
3 " - Corractod Gain [aw) 7; c,? HV i 7, -
B = ; OFF Measurad Gain [au] | =
‘g o F Measured Gainfau) | & : =
o . . PUSSUTIIPIRY .
R T en ot ER: E
' 4 B - 3
Recovery = :
Room T° & | > 50°C| Perio% 3 3 | E
e | 3 ; TSWPC Room T° € | - 50°C 7,
Time [Hours] Time [Hours)

J.A.Merli
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Two data paths

Trigger data,
called

18/03/15

-bits, synchr. with LHC BX

single detector:
*3 GBT

*1 Opto-hybrid
*4 opto-fibers
One SC 2 X single
detector

FPGA: zero suppress trigger data

Standard CMS upgrade off
detector electronics

TTC (Clock, L1A, Fast controls) CMS DAQ Link (optical)

Versatile Link

“s” signals
j @ 320Mbps
E-links @ 320Mbps FPGA:
\ Concentrator
& data formating
320Mbps; 1 3.26bjs
GBT | GBT | GBT GBT
4 A
4.8Gbps O -
Opto links Trigdata  3-260PS
0 D P g (encoded)
TTCe» - TTC
CSe LTCA A -
DAQe«— Y,
—> Muon TF

|_1aB3=rMP7 | MP7

/-
MCH

Micro-TCA crate

— GbE for configuration,

J.A.Merlin

(On behalf of the CMS GEM Collaboration)

Slow controls
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il

() FIT

(f) INFN-LNF

Figure 5.2 Pictures from differents assembly site candidates.

BARC | INFN - Bari | CERN | FIT

(leanzoom

Leakage current setup

Gas system

X-ray setup

Shipping logistics

GE1/1 prototypes assembled

Past experience

> X< < > >
> X< | X< X< | <
><| < < X< < < <

> X< | X< X | <
> X< x| X< <X =

6 production sites are ready for final production,
all have already assembled GE1/1-1V prototypes

Components = GE1/1-Single Chamber
i Gas leak test :
Reception at CERN QC}\M T
- PressuizedN,
Iy l%% 9, S%:’V% :
Ge, Oy, "¢, % s, 8¢ G Y
&14 ", ea%, ] “y ')% @y, iy,
oy, %, &, " ", HV test:
AT T @xo"”s;ﬂ QC, ) -swvinpreco,
- Cleaning - Optical inspection - Cleaning PELEIE T
QC1-090&| inspection - Baking in vacuum  ultrasonic . |
FERY - Losiag amt ot el chane Gan Uy et Electronics
+ connectivity lest 005“91:; - Xray station —
o o - APV4SRSDAQ Reception at
Shipping to production sites CERN
- b
Shipping to CERN OO
Reception at production sites ) s 8% i
DryngunderN, - S-cuve
QC, - ReveatLeakage curentest QC; (c£R0Gas ok o QCel_-LVIes1
e H test (cem) . Noise

v &
ASSEMBLY ON SITES

r=)| GE1/1-Super Chamber

Cosmic Stand :
QC3 2 Eicony

- Noise
- Tracking ?

Installation in storage rack

\

DryrgundrN,
QCycery) v Stabily (1
month)

TV,
Shipping to P5

QC,pn Dt

0P Gasleaktest

HV test

y
ASSEMBLY of Super Chambers

- Step by step procedure
+ systemalic optical inspection & leakage current test

Electronics connectivity
007 (CERN) Gas leak test
Electronics noise with cooling ON

u

Ready for Installation
And commissioning




Proper operation = clean GEM foils with precise geometry :
- Optical inspection

- Stability check

- Discharges test GEM leakage current

- Cleanliness

Precise assembly of the detector :

- Inspection and cleaning of all the parts

= Ultrasonic bath, baking, sand blast

- Strict assembly procedure (clean room)

- Repeat dust cleaning after each assembly step
- movie : https://www.youtube.com/watch?v=Ssuqh5GAVZ4&feature= youtu be

Control of the chamber : P

. : NS,
- Gas leak test (ensure gas purity) Ly i [oem] Lo
- High Voltage (HV) connectivity and stability A W

J.A.Merli
18/03/15 ern
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Gain Uniformity test :

- wide X-ray beam (23 keV)
- APV + SRS +SRU

- Copper fluorescence

- Compare photo peak
position (2D map)

- Infer gain fluctuations

Cosmic Stand :
10 scintillators+PMTs
15 x GE1/1 S-chambers
- Final electronics

- Cooling system
Goals :

Efficiency measurement
Tracks reconstruction
Timing analysis

18/03/15 (On behalf of the CMS GEM Collaboration)



The test bench at bd 904 will provide up to six fully equipped chamber electronics, read-out
chain, DAQ and trigger for testing GE1/1 electronics configuration in P5 configuration.

Goals :
— CSC-GEM Trigger integration
— CSC-GEM synchronization

— The GE1/1 Electronics with in realistic conditions
— The GE1/1 performance with the ME1/1 detector
— GE1/1 Cooling, Mechanics, Vibrations

— Electromagnetic compatibility

Achievements :

— Synchronization of both electronics

— Dummy trigger data sent

18/03/15

GE1/1 detector

(GEB v1)

Opto-hybrid

CSC ME1/1 chamber

1 ME1/1 CSC & 1 GE1/1 fully equipped
including TTC and AMC13 (for GE1/1)

J.A.Merlin

(On behalf of the CMS GEM Collaboration)



4 super chambers in
Installation of 4 SuperChamber in 2016-2017 slots 1,2,35, 36 on YE-1

> DAQ system will be integrated in CMS DAQ
» combined CSC+GEM trigger
> Operation procedure implemented
> reconstruction included in official CMS software
- validation done with standard tool
- background and noise rate included in simulation

% 7 .,
. X Y \ V’ J‘ '[ 2 -
X \ @)" “»,7,,"_',,,7 ,'. %,
N i ~/ &
#

Motivations:

>gain integration experience with the final electronics system
>reduce the GEM commissioning period:
- Back-end electronics installed and commissioned in advance
- All components (Incl. detectors) will have been qualified beforehand at the TIF
>trigger commissioning and performance check
>background measurement
>opportunity to cross-check with data what expected by simulation

J.A.Merli
18/03/15 ern

(On behalf of the CMS GEM Collaboration)
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- Detector R&D near complete, construction
project can begin

- Electronics : On track for LS2 installation

-  DAQ and Online System -> Slice test :
Readiness towards commissioned track finder

-  GEM Community ready to go for GE1/1

project

TDR submitted on 3 of March to LHCC
- Very positive report from referees

— awaiting green light

Thank you

J.A.Merli
18/03/15 ern

CERN European Organization for Nuclear Research ~ CERN-LHCC-2014-nnn
. CMS-TDR-xxx
Organisation européenne pour la recherche nucléaire 2015

CMS TECHNICAL DESIGN REPORT
FOR THE MUON ENDCAP GEM UPGRADE

(On behalf of the CMS GEM Collaboration)
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Introducing Gas Electron Multiplier technology in the CMS endcaps

RE4/2
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Three main projects :
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From ECFA 2013

1.7

1.8
19

20

21

22
23
24

25

Luminosity [em'2s]

3.0

40

5.0

2.50E+34
Runl

2.00E+34

7-8 TeV
o SPU>S 24

1.00€+34

5.00E+33

0.00€+00 *
[~

201
2011
2012

® Peak luminosity

Integrated luminosity

Run llI

100 fb-!

Runli
1344 TeV
26fb" | ¥ <pU>’= 40
Phase-l Upgrade

2013

2014

2015

<o
-
1=
~

Year ending

13-14 TeV
<PU> = 60

Phase-l Upgrade

2017

2018

GE1/1 - 1.55 < |n|< 2.18, 144 chambers, Expected rate : few 1-10kHz/cm?

GE2/1 > 1.55< |n|< 2.45, 72 , Expected rate : few 1 kHz/cm?
MEO = 2 < |n|< 3, 6 layers of detectors, 216 chambers, Expected rate : MHz/cm?

18/03/15

(On behalf of the CMS GEM Collaboration)
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Rate flattening

N
.
u
]
C
e 5 % : °
Ll R T - Soft muons scatter in the steel return yoke
Fr, . . - Tracks incorrectly reconstructed as hard
- < muons
10 SRty SECTEE: SUTSUR O BE S B or e .
< Cause large tail in L1 muon trigger P,
IR e s TS Mt Y S resolution (ﬂattenlng)
H —=— L1 trigger rate (GM']
in I DT/CSC standalone . . .
RPC standalone Solution : add detection layer in front of CSC
i ~ ger:erjateld:?t[ell " CMS Phase-2 Simulation Preliminary
1 ; =10 E’ EEEEE L1 Single Mu (2012 configuration) + ME1/1a unganging  J
1 10 PENLIY PRSP SN | IAA\IIAJ u E I GEM+CSC integrated trigger with >3 stubs .
Not to scale GEM A CSC GEM-CSC Bending Angle CMS Phase-2 Simulation Preliminary % 10 3 = 3
= Y SRR - g 1
. L X3 ~—~— S F Odd (“far") chamber pairs ~ 1.64<[n|<2.14 3 | g 10° 5
magnetlc \ g ﬁ i 20-016:_ 3@ 7
fieldB i|- —[2 || Soore 3 |-
HIs e L E 3 B ]
= (! : < 0012 = Teregei<2 E
: E /4 pas 0.01 —muon pT=5GeV/c 3 § L=4"10% §
< |p o206 i —11 T3 3+ 0.008F- —muonp_ =20 GeVic 3| "
| 1! A | g . - E i
/ i (! -}!1 "nan 0006:_ _: 10~2* i i ]
P N | : F ] 2 3 4 5678910 20 30 4050  10°
: i ] i 0.004:— 3 le e T 3
soft muons arriving to_T{_— } : 0.002F 3 E ol T,
'E-1/1 from IP are “bent” H_._ZO&H : 00 ; Oooé " .0 |01J L [.)0115, L ,062, : 00[25_ — _L0:03 ;«(GEM4CSC)/L Single Mu -+
by the magentic field }: 46 cm ;{ ' ' ' A¢(GEM,CSC) [rad]‘ 0 3 4 567890 20 30 4050 102

18/03/15

p;“' [GeV/c]

J.A.Merlin
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- CMS Phase Il Simulation PU =140, 14 TeV |
———— ~——————— -——————- Current
| +GE1/1

L1Mu (standalone)

06 F 1.6 < || < 2.2

| —— Run 1 Muon Detector: Current syStem

041t =3 stubs with ME-1/1

Trigger Plateau Efficiency

t — 4@— - Run 1 Muon Detector + GE1/1:
=2 stubs & ME1/1-GE1/1 bending angle
or =3 stubs with GE1/1, if no ME1/1 hits

00 1 1 1 1 1 1 1 1 1 |

5 10 15
Fraction of non-triggering CSC Chambers [%]

Added redundancy due to GE1/1 helps:

C 3 C|MS SimUIationl T I T T T PPlzlslol I\‘;lg :l |1|4|1l_e|\|/
2 [ p,=100Gev; ’
S | e ME11+GE1/1 .
S 25 4 ME1/1+No GE1/1 ]
o r No ME1/1+GE1/1 .
.~ [ —+— No ME1/1+No GE1/1 ]
o - |
L ¢ . R
X s -
s o+ .
) L |
e - ]
o 1= T
c B ENp——
S B
T A §
05— P ]
n L _
_l L1 1 I L1 11 l 111 I L1 11 l 111 I L1 11 l 11 1 ]

95 2.2
18]

* Reducing the deterioration of Level-1 muon trigger performance

* Reducing the large deterioration in momentum resolution

* Obviously mitigating otherwise large efficiency losses if a sizeable fraction of CSC
chambers in ME1/1 become partially or fully inoperational
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Production & QC

Components

Reception at CERN

- Cleaning - Optical inspection - Cleaning
QC1 - Optical inspection - Baking in vacuum  ultrasonic
(CERN) - Leakage current test bath + ethanol

+ connectivity test

Shipping to production sites

Reception at production sites

GE1/1-Single Chamber

Gas leak test :
QC3 (site) . Pressure drop vs time
- PressurizedN,

A 4
HV test :
QC4 (site) -5kV inpreCO,
+ signal monitoring

\'4 .
Gain Uniformity test : Electronics
QC5 (site) -  Xray station
- APV+SRS DAQ Reception at
CERN
_— N
Shipping to CERN | 4/\306‘@ 0y, |
ryingunder N, - S-curve
QCs CERN)Gas leak test (Qc);el,- LV test
HV test cem) - Noise
T
\

QC - Repeat Leakage current test
(CERNZ - Acceptance test
v
ASSEMBLY ON SITES
- Step by step procedure

+ systematic optical inspection & leakage current test

ASSEMBLY of Super Chambers

N\

Electronics connectivity
QC7 (CERN) Gas leak test
Electronics noise with cooling ON

GE1/1-Super Chamber

Cosmic Stand :
QC8 =i Efficiency

- Noise
- Tracking ?

Installation in storage rack

DryingunderN,
HV Stability (1
month)

QC9 (CERN)

~T00Vunder
Shipping to P5

Drying under N,
(Gas leak test
HV test

QCm (P5)

v

Ready for Installation
And commissioning

18/03/15
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voltage Supply
current
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measuring the leakage current at 600V

N, IN¢

N, OUTT
+

< manual control

v,
<

£y

Y~ Humidity %
%, > Temperature °C

GEM
X X X
| S

A

CERN std GEM (Pitch:140 / K dia:50 / Cu dia:70) |
|

Current (nA)
59

Single Mask

T: 23°C / Humi : 35%

58

57 1.,

Yo, st

Y,

Good stability ;

bR b otelh o AR
1 DTGB N T R
Y £

r

56 :

55

0 500

18/03/15

Leakage current
<1nA

1000

1, fo ok Milshy o0 el
oo ke Bt i, o
L g‘%"””ffcx“ R

_\A)"; L7

,z,?‘
%

-

1500

Voltage (V)

‘ 700

r—‘ ’— —‘ 600

x 1 500

i ® . 1

Ce BT B el
wd | o
f,.,. £ GEM

—*=voltage

il 300

200

{

2000 Time (s)

Current (nA)

64 1

62 1

60 |

56 1

54

-> Burn the dust
-> Good stability
-> No discharges

Ensure the cleanliness and proper operation of the GEM foils by

-> GEM current : <1 nA / 100 cm?

Single Mask
T: 22°C / Humi : 33%

CERN std GEM (Pitch:140 / K dia:50 / Cu dia:70) ‘

ORI e
PP

W

P v
Leakage current <
ss 4 >5nA
| Lot
DISCHARGE
DISCHARGE
o 500 1000 IS;JO

J.A.Merlin
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IPHC

Institut Plurldlsclpllnalre

remove noise

-50 0

Hit map : ADC cut to

50

Entries 159169

Mean 11.54 = 0.1663

RMS  66.29 = 0.1176

Integral 1.589e+05

osition

Entries 100
= Mean 3570+ 11.82
500 RMS 850+ 8.36
C Integral 5169
- r %21 ndf 105.4 /19
400~ Constant  520.6+9.1
= n Mean 3636+ 11.2
C Sigma 761.5+7.9
300

2000

n L | | | | |
00 6000 8000 10000 12000 14000 16000 18000 20!

W
8068088000

(\“e\

2000 4
2013

OO00000

-
o
o

03303303

E“e( Q“ \

Main peak (ADC channel)/vs X position (mm)

! 14000

| 1500

5000 I

4500

3500 r//,%\\\?/’/%,,,*__-1\\\&___*\\\E___‘___*”_‘___*”,‘,,,*___«\\\’___*\_\{\\\‘
3000
2500

2000

1000

500

-HII[I|II|\IH|[III|HII[IIII|HH||IIIIIHI[IIII

§tnpp9ﬁﬁon

JIIJ[ ) I |
100 150

0 200

JlIlIIIIJllllllll\llllllllll‘llll
0 0
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Outgassing study

Outgassing studies : Gas tubing purity check with Proportional Counter

5; o e wamanws | \ITON O-ring || As first step -> all tubing is validated with
3 ** £ Ar/CO2/CF4 corecson o v o ar SWPC (extremely sensitive to pollution)
gUE .5,?;135_:540,\,,)30, j - 2 weeks at room T°

S W - 2 weeks at 50°C

o
o

( No materials in the gas line)

= i
06 ;—= I :
s [ 9
o E : Clean tubing for the 3 tests
= [Room T° €|| - 50°C | ISWPC ] 8
a 100 I I I : 200 : I : : 300 I ‘ : : 400 ‘ ‘ I : 500
Time fhou = Normalized Gain (u.a)
Eyy . 8 2 I
i Polyurethane CellPack ~ = £ | Polyurethane NUVOVERNE
S = o ° -
sE Room T 91950C 2w Room T° € | - 50°C
C 3 c
g 'm O 14— |
s LE S E l
g 8 - I o 5 v b w Y- _ . S
0.6 __SWPC I 08 :—SWPC . I n tion [u.2]
: Gain : 10° I CORRECTED MEAN [u.a) os [ Gain:10* . o comectionfua
24 u.a - No baseline
- Ar/COZ/CF4 (45 15 40) I 04 E— Ar/coz/CF4 I correcﬁons Correction with T and 1/P [u.a]
— 55Fe 3.5 MBq ! LB (45:15:40) I ]
. | SWPC “ ESFe35MBg SWPC
‘o lll5lolulwcl-ﬂllll15o ”2Ll\0||||25£o”‘'350”1135]0lll o5 Hl1cl\oll ' l2LI\0l — Izclol' H4LI\olll'5cl\o” 600 700
Time [hour] Time [hour]

J.A.Merli
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Corrected Gain (a.u)

Outgassing

studies

Outgassing study

lllllllll[llllllll

= iaa~d

4 Source OFF

Corrected Gain (a.u)

VITON O-ring
I

No correction [u.a]

Correction with T and 1/P [u.a]

%W

PLC maintenance

150°C
I
I

Gas bottle empty
b

g by s 1y

0 A1 L L L
o 100 200 300 400 500 600 700 800

T 1 T

T

Time [hour]

SWPC

- No effect with VITON O-
ring

- No significant effect with
NUVOVERN
(extension of the test)

—> Strong gain drop with
CellPack

I

+ E- no correction

Polyurethane CellPack

Corrected Gain [a.u]

Measured Gain [a.u]

period

Recovering

W

SRN1ETA IENI R MR AT T

PR T S S RS

18/03/15

1000 1200

Time [Hours]

. Polyurethane NUVOVERNE

Corrected Gain [a.u]

'5. T T T T T T T I:
= —
3 v E HV | =
(_g 14— OFF : Measured Gain [a.u] | T
Q . F i -
q'_) 1 sm: - _:
G - :tmw -
O o = . ! —
- AAe 1 =

06— gl 1 —

- ! -

04— : —]

2 ESWPC  RoomT° € | > 50°C =

J.A.Merlin
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Outgassing study

B VITON O-ring GEM 10x10
£ o 150°C - No effects on gain for all
©
5 f samples
- 12 2 . . .
o e . 'm (event if outgassing material)
3]
S . Maint:enuancg - Does the polymers affect
i : No correction (u2] other properties of the GEM
:: Source OFF I Correc tion with T and 1/P [u.a] foils ?
JEiiiiiii,.. . Gashottleempty
i} 100 200 300 400 500 600 700 B%ome hou]
’:?2 PonurethaneCeIIPackm E) 255
— ' Epower - ) & = =| Polyurethane NUVOVERNE =
T cut I " Corrected Gain [a.u] c w B i =
O ’ 8 E 1 3
:qc_.g . . ! . Measured Gain [a.u] - N I —
8 1.2 .A Azl . i r 3 9 1.2 :_ _:
s AAANIREE Y, 4 3 i E -
8 1 - - w‘ ?2 W —: g 1 a it H —;
e I : ‘Recovering =5 O wE : E
08 ;_ | . period _; N E_ : Corrected Gain [a.u] _f
- ;_ : —; ‘ ;_ i Measured Gain [a.u] _;
0z — ° ° - 0.2 :— 9 50° —:
" |R°°“.1T.|é,l?.5°|c|..|...[...1...: = .|....|....1:....|....1....1...:
i} 200 400 600 800 1000 1200 0 100 200 300 400 500 600
T.ime [HOUrS] 'nme [Hoursl
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2000 1.E+06 1 CERN std foils double-mask
0.99 Ar/C02:70/30
N - 1.E+05 |35 Gaps:3/1/2/1 (Ceramic Divider)
=1500 |8 08 +300kQ HV filter
5 1.E+04 % § 0.97 3.‘;:4- o
1000 . E+03_§ v 096 1 3 O‘»ww' o* < w“.%w.
% c_% 035 Rate of particles: (Fe55) = Humidity between 480 and 500 ppm
200 LEs02” |2 094 B 19k
) z
L é . . 093 3) 1k _
Y 1.E+01 0.92 Time (hours)
>90 640 690 ;yider Current (pA) o o5 1 15 2 25 3 35 4
1.E+04 1.E+05 Effective gain 1.E+06 10x10 triple-GEM (CERN) 3/1/2/1
1.E-02 + ———————rr ——— 1.9 Ar/C0O2:70/30
E Triple-GEM (10x10 cm2) 17 gz:; ;rS)(()g% (f::;A/%OOV)
> | SERN st fots = 2mm Colimator 0":‘*
21E03 & Source 241Am (2-3 MBq) L1 L] ] 3 15 )3
3 E Ar/C02:70/30 8 GEM Irradiation Corner (d= 0.35 cm) g
_§ - Gaps:3/1/2/1 (Ceramic Divider) -% 1.3 GEM Opposite Corner (d=0.51 cm) >
s +300kQ HV filter O *
S1E-04 £ = g 11 i Py
£ : g $ -5 1} ipeam
j< _ T 0.9
: ] g
BLEDS $ 0
K 0.5 Gamma Flux (Hz/mm?)
1.E-06 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06

J.A.Merli
18/03/15 ern

(On behalf of the CMS GEM Collaboration)




UNIVERSITE DE STRASBOURG IP“‘
ert CURIEN
STRASBOURG

15/04/2014 22/04/2014
Energy spectra Energy spectra
1.3 1520
1500
1.28
a51480
1.26 21460
S &
224 _51440
< 01420
‘%22 Corrected Initial 21400
o Scan = Initial Scan
1.2 '61380
Corrected Final 0]
1.18 Scan 3 1360 Final Scan
‘ 1340
1.16 1320
0 ! 2 position 3 4 > 0 1 2 3 4 5
15/04/2014 Irradiation only in Position 2
22/04/2014
46000 Readout Current 46000 /04/
Readout Current
45000 45000
44000 ,fMOOO
- 5
23000 3000
-%2000 '542000 Iniﬁal Effective
o Gain
Initial Gain 41000 _ _
41000 corrected Fm.al Effective
40000 Gain
40000 Final Gain
corrected 39000
39000 0 1 Zposition 4 >
0 1 2 3 4 5
position
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