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Installation of new setup for Triple-GEM
Aging Test @ GIF++

GE1/1 & GE2/1 Aging Studies

Goal of the new Aging Test @ GIF++

20/02/2018

CMS Triple-GEM Setup

Installation inside the GIF++ Bunker

The Readout System

-
4
'—
)
=
()
<
o
i
>
1
~
W
=
<
>
—
n
(a)
o«

Preliminary Analysis @ GIF++

= Schedule and Conclusion




GE1/1 & GE2/1 Aging Studies

137Cs source :
Triple GEM technology (GE1/1 IV) = galon,
similar to the final design already e
tested at the GIF++ facility. =

GE1/1 detector

. .

Aging test to validate the Triple-GEM

Gas IN/OUT g

technology for the GE1/1 and GE2/1 S

project. S

ke

g

] g

Gamma Irradiation Facility (GIF++) N =

= S

Muon/hadron/electron 137Cs solrr.e | | %

beam from the SPS 14 TBq CMS GEM || é

| \ 662 keV phulons detector TS SO §

— . 8l— :

| PmmﬁﬂL | | Tests performed by J.A. Merlin with o
e I a dedicated setup located in the D4

position.
Power Supply D Position for new Triple-GEM

setup already approved in Nov. 16




GE1/1 & GE2/1 Aging Studies

CMS

2.
0: GE1/1 detectors

1.8 Gap configuration 3/1/2/1 mm
1 63_ Irradiation at GIF/GIF++

"“F Cs'¥{0.566 - 14.1 TBq)
1.4F 662 keV y (10 - 30 kHz/cn? |

~ Initial gas gain = 2 x 10*

wopprb bttt dia i,

Aging Test in Ar/C0O, @ GIF++

= GE1/1 1V ( similar to the final design)
" 6 months of operation in Ar/CO,

= No aging observed up to ~55mC /cm?

20/02/2018

Conclusion:

The Ar/CO, (70/30) configuration is
validate for GE1/1 and GE2/1

_______________________________

Normalized Effective Gain

______________________________

ar + Detector 1 (Ar/CO,/CF, - 45/15/40 - 2.5 Lihr)

Aging Test in Ar/CO, /CF, @ GIF++ 0.06' - '1'0' = '2'0' - '3'0' - '4|0| - '5|0' .

Accumulated Charge (mC/cm?)

= GE1/1 1V ( similar to the final design)

= 12 months of operation in Ar/CO, /CF, I\/IuonUpgradeWorkshop
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= No aging observed up to ~53mC/cm2 § (28/07/2016)
Conclusion: Dr. Jeremie A. Merlin
The Ar/CO,/CF, (45/15/40) configurationis CERN

validate for GE1/1 and GE2/1




Goal of the new Aging Test @ GIF++

The goal is to validate the Triple-GEM technology for the new
MEO project;

283 mC /cm? of integrated charge needed to fully validate
the Triple-GEM technology for the new MEO station (no
safety factor);

= Extensive test are planned and restarted on 15t May 2017 @
GIF++ ( Gamma Irradiation Facility );

" From the past experience about 3 years are needed to reach
this value, assuming standard GIF++ duty cycle.

20/02/2018
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CMS Triple-GEM Setup
Triple-GEM setup:

New setup has been designed and assembled to
host the Triple-GEM chambers.

Detector Under Test:

= GE1/1 - IV generation irradiated chamber
( gas mixture: Ar/CO, — 70/30)

* Irradiated chamber @ GIF++ during Jeremie’s aging
studies to validate the Triple-GEM technology for
GE1/1 & GE2/1 project;

e ~55mC/cm? collected in about 6 months of
continuous tests.

= GE1/1 - X generation NOT irradiated chamber
( gas mixture: Ar/CO, —70/30)

e Korean GEM foils produced at Mecaro;

» Aging Test to validate the Korean GEM foils for GE2/1
project.

20/02/2018
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Installation inside the GIF++ Bunker

Picoammeter triaxial cable

ARPR |

20/02/2018

RD51 Mini Week - MEO Aging Test



Installation inside the GIF++ Bunker

= The GE1/1 detector under test is placed at ~ 1m from the
source point ( D; position ):
half of the chamber is directly in front of the irradiator and is
operating under a particle flux just below 108Hz/cm?

the other half, protected by the shielding of the irradiator,
receive a flux lower by four orders of magnitude.

20/02/2018
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RD51 Mini Week - MEO Aging Test




Installation inside the GIF++ Bunker

= The GE1/1 detector under test is placed at ~ 1m from the
source point ( D; position ):
half of the chamber is directly in front of the irradiator and is
operating under a particle flux just below 108Hz/cm?

the other half, protected by the shielding of the irradiator,
receive a flux lower by four orders of magnitude.

Gif

20/02/2018

~108Hz/cm?

—

RD51 Mini Week - MEO Aging Test




Installation inside the GIF++ Bunker

= The GE1/1 detector under test is placed at ~ 1m from the
source point ( D; position ):
half of the chamber is directly in front of the irradiator and is
operating under a particle flux just below 108Hz/cm?

the other half, protected by the shielding of the irradiator,
receive a flux lower by four orders of magnitude.

Gif

20/02/2018

~108Hz/cm?

—

~10*Hz/cm?
L

RD51 Mini Week - MEO Aging Test
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The Readout System

Schematic view of the DAQ system at GIF++
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one pico-ammeter on the readout sector
ip = 2,in = 7 (in the irradiated area );

[HEY
[HEY

one pico-ammeter on the readout sector
ip = 2,in = 2 (inthe protected part ).




Integrated Charge [ mC/cm? ]
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Preliminary Analysis @ GIF++

Integrated charge @ GIF++ up to 15t February: ~55 mC/cm?

GE1/1-V-S-CERN - R/O sector in7, 02 HL - LHC year
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Attenuated 37Cs Source
Attanuated 37Cs Source
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Integrated Charge Rate @ GIF++

TTTTATTI

A
”
Test Beay Test Beam Test Beam DT subsystem request

Time [day ]

= To reach 283 mC/cm? (no safety factor), ~2 years continuous irradiation
are required;

= The estimated exposure time should include at least 50% extra time to take
into account test beams, source filter scans, maintenance, etc. The
reasonable time estimation is between 2.5 to 3 years.

-1 .
/—/_ I exposure time |
|

EGIF++ = ~ 75% |

20/02/2018
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Integrated Charge [ mC/cm? ]

Preliminary Analysis @ GIF++
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- Gap configuration 3/1/2/1 mm

— Gas Mixture: Ar/CO, (70/30) - 5 L/hr
" Irradiation at GIF++ Facility

Cs'®” (14.1 TBqin 2015)

662 keV y (10 - 30 kHz/cm?)

Initial gas gain = 2 x 10*

new aging test

Results from 2016 Aging Studies

+ GE1/1-IV-5-CERN-0001 Detector

FrTTyrrryrrrTyrrrynrrrgErirIo r I rInrnormg oTaTd
I | l l | l |

1 1 ] [ |
20 40 60 80 100
Accumulated Charge (mC/cm?)

reasonable time estimation is between 2.5 to 3 years.

Rate @ GIF++

radiation

e to take
etc. The

20/02/2018
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Schedule @ GIF ++

Current Irradiated Schedule ( May 2017 — January 2018 ):

~22day of continous irradiation per month (e f ficiency ~75%)

Integrated Charge Rate @ GIF++

20/02/2018

Presently, it is irradiating with an attenuation factor 15 to allow DT
detectors to integrate required charge;

24t January 2018 - Korean GE1/1 chamber installation (in order to
validate the Korean GEM-foils for the GE2/1 project);

Taking into account an efficiency of 75%, ~ 2.5 — 3 years are
needed to reach 283 mC/cm?;
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Extending the Aging Test up to May 2022, you could reach an
integrated charge of about ~ 620 mC /cm? with safety factor ~2.2.

[HEY
D

We investigated the possibility of using the X-Ray Source
. in order to accelerate the Aging Tests in the 904-Lab.




CMS Triple-GEM
Aging Test @ 904Lab.

M. Abbas, M. Bianco, F. Fallavollita, M. Gruchata, S. Hassan, J.A. Merlin




Installation of new setup for Triple-GEM
aging test @ 904Lab.

= Final Configuration for the Aging Test

20/02/2018

* Preliminary Analysis @ 904-Lab.

= R/O Sector Under Test - Summary Table
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Configuration for the X-ray Aging Test (1/3)

X-Ray Settings:

Voltage-Tube: 40 kV

Current-Tube: 70 uA

x-axis: 12.0 cm ( from the detector )
y-axis: 32.5 cm ( from the Cu-box floor )
Board Temperature: 42 °C

E = m =
20/02/2018

R/0O System:

= 3 pico-ammeters on irradiated zone:
R/O sectorin = 6,i¢p = 1
R/O sectorin = 6,i¢p = 2
R/O sectorin = 6,i¢p =3

= 1 pico-ammeter on not irradiated zone:
R/O sectorin = 2,i¢p = 2
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Meteo Station:

(O = Sector Under Test Arduino Meteo Station inside the Cu-box to
monitor environmental parameters.

=
~

= Irradiated Zone




Configuration for the X-ray Aging Test (2/3)

Position of the X-Ray source with respect to the detector

x-axis: 12.0 cm ( from the detector ) I
y-axis: 32.5 cm ( from the Cu-box floor )
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X-Ray gun

The X-Ray source has been placed at 12cm from the detector
in order to irradiate the GEM-foils, frame, O-ring, etc.




Configuration for the X-ray Aging Test (3/3)

________________________________________________

Working Point: 684.2 uA
(with compensation)

. Effective Gas Gain: ~2 x 10* |

_______________________________________________

R/O sectorin = 6,i¢p =3
(Iinoge) = 15.2 nA/cm?

ferr++ ~ 1.9

20/02/2018

R/0 sectorin = 6,i¢p = 1
U inoge) = 24.4nA/cm?

R/O sectorin = 6,i¢p =2
farr++ ~ 3.1

(Iinode) = 64.2 nA/cm?
feir++ ~ 8.1
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R/O sectorin = 2,i¢p = 2
(Ianode> = 0.33 pA/CmZ

=
(o)

O = Sector Under Test

= Irradiated Zone




Preliminary Analysis @ 904-Lab.

Integrated charge @ 904-Lab. up to 8t February: ~ 515 mC/cm?

GE1/1-X-S-CERN-0002 - R/O sector in 6, i 2 HL - LHC year
0 2 4 6 8 10 12 14 16 18
(\1-\ : T ‘ T T T I T T T | T T T | T : T T | T T T | T T T ‘ T T T | T T T | T :
% | GE1/1-X-S-CERN-0002 detector -
Q 500 | Gap configuration 3/1/2/1 mm ]
£ L | Irradiation at 904-Lab. - )
p — | 22 keV X-ray{ 10° Hz/mm? @ 30cm - 50keV/1A | . S
D 40| |Initial gas gain = 2 x 104 7 g
© L _ . - S
- | _ <
% = - 18 years of MEO operation at the HL-LHC — =
D o R ]
.E 300 B — =
— — (%]
g | N ks
[ — ] (eT0]
- 200— — =
- _ <
- — o
— £ — Ll
- + Detector (ﬁmfco2 -70/30 - 5 L/hr) — 7
B ] o
ol e ] =
06/09/2017  06/10/2017  05/11/2017 05/12/2017  04/01/2018  03/02/2018 =
Time (day) >
i
R/0 sector under test: in = 6,i¢p =2 - fopiy ~ 8.1 a
T T T T T T o0 I -t T = == ====" I
exposure time 2
I ¢ _ X ~770 | VR(Qint) 7705 ~ 4.3 mC/cm*® - day | 20
904Lab : | | I
| total time
B e e o o o o o o e e Em o e J S J

Efficiency @ 904-Lab. Integrated Charge Rate @ 904-Lab.




Preliminary Analysis @ 904-Lab.

R/O sector under test: in = 6,i¢p = 2 - feipyeq ~ 8.1

g 2.0 _ Gap configuration 3/1/2/1 mm
& 1.8 Gas Mixture: Ar/CO, (70/30) - 5 L/hr Weekly QC5-Eff. Gas Gain Measurement
c 160 Irradiation at CMS - GEM QA/QC Lab. ] 20 mC 9 0
TS X-ray Tube: Silver (Ag) Target (l' e.every ~ 20 mC/cm ) Q
(5 1.4F 22 keV X-ray (10° Hz/mm? @ 30cm - 50keV/1uA) 5 N
C - . 4 s
0 4 of Mtalgasgain =2x10 £ 10" £~ GE1/1-X-5-CERN-0002 Detector =
O F 0 - Gap configuration 3/1/2/1 mm ]
- 1.0m o | X-ray Tube: Silver (Ag) Target g g
GNJ 0 8':— © - X-ray Voltage Tube = 40 kV _H o0
'C—E F O 4| X-ray Current Tube = 5 uA K e
e 0.6 Q107 in=-6ig=2 . 5
e C — - L >
O 0.4F GE1/1-X-8-CERN-0002 Detector 5] - @ .
Z - o i o E
0zt 5o RS-l
0.0_| cec v e v b by g L 103_ ﬁ :mmgm:gﬁ:g:j i
0 100 200 300 400 500 - i e e a0 s —
2 - 8 TTET nteaeated oharge 208,30 molcm’ a
Accumulated Charge (mC/cm”) B 8 o IpmSImERTT =
L — f— Integrated Charge 323,06 mCicm
. . T e e £ 1 e
X-ray Aging Test @ 904-Lab @ e
Integrated Charge 515.18 mC/cm®
(82 days of continuous teStS) v e b b e b v v b Ly 21
~ 515 mC/cm2 560 580 600 620 640 660 680 700

NO aging observed up to ~ 515 mC/cm? Divider Current (uA)




Preliminary Analysis @ 904-Lab.

R/0O sector under test: in = 6,ip = 2 - fgipey ~ 8.1

© 800; GE1/1-X-S-CERN-0002 Detector Fip—
= — | Gap configuration 3/1/2/1 mm ; .
S 7005 Gas Mixture: Ar/CO, (70/30) - 5 Uihr =Global Ll Weekly Energy Resolution Measurement
< | Cd"® (22keV X-ray - 14.74 MBq) (i.e.every ~ 20 mC/cm?)
O 600 Effective gas gain = 2 x 10* 3 S
O - B photopeak Cu k- line fluorescence 8
D " | curve Fitting: o h
< 500 __ y= I’(x) + ,2(,() + /3(,() '68 35 : GE1 J'Ir1 -X-S-CEHN-UUOQ Detector g
~ F | 1,09 = gaussian tune. - photopeak = C Gap configuration 3/1/2/1 mm N
B 400 1.0 - gassion - s poak S 30" Gas Mixture: Ar/CO, (70/30) - 5L/hr "
E E 15(x) = 5" order poly — background I - Cd109 (22 keV x_ray -14.74 MBq _ 10),04}2017} é
= 300 S = 250 in=6ii0=2 g
200" w i"
- 201 2
C - C =
100 _g o g8 B Bugenes %
- = 151 =
0 C I} I} 1 I} [ | 1 I} | I | 1 1 1 | | 1 | 1 I 1 1 | | 8 : -E
0 400 800 1200 1600 2000 @) 10 =
- ADC Channel D; - 2
Curve Fitting: > 5- o«
| - -
y = f1(x) + f2(0)+ f3(x) 2 : | | | | |
, LIJ 0 I I | L1 1 1 L1 1 1 I I | | L1 1 | |
f1(x) = gaussian func.— photopeak 0 100 200 300 400 500 22

f>(x) = gaussian func.— escape peak Accumulated Charge (mC/sz)

f>(x) = 5" order poly — background




R/O Sector Under Test - Summary Table

Irradiated R/O Sectors

Integrated Integrated Gas Gain Energy
Charge Rate | Stability

r] 6,p=1 213.9mC/cm®> 18mC/cm?-day o gain dro p (173+01)/
++~31)  ~76% of the total MEO operation @ HL-LHC SlBstes

////////////////////////////////////////////////////////////////

n= 6 (p=2 5152mC/cm2 4.3 mC/CmZ day No gai n dro op (16.8 + 0.1)%
(ferr++ ~81) 18 years of MEQ operation @ the HL-LHC s

n=6e=3 106.7mC/cm®*  0.9mC/cm?-day o gaindrop (169 +0.1)%
(ferrs+ ~1.9) ~ 38% of the total MEO operation @ HL-LHC observed >

Non-Irradiated R/O Sector

Integrated Integrated Gas Gain Energy
Charge Rate | Stability

n=2¢=2 2.8 uC/cm? 0.02 uC/cm? - day Ng d p (171+01)/

////////////////////////////////////////////////////////////////
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Backup - Slides
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Installation inside the GIF++ Bunker

= The GE1/1 detector under test is placed at ~ 1m from the
source point ( D; position ):
half of the chamber is directly in front of the irradiator and is
operating under a particle flux just below 108Hz/cm?

the other half, protected by the shielding of the irradiator,
receive a flux lower by four orders of magnitude.
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Photon current in the vertical plane through the source (yz plane)
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Preliminary Analysis @ GIF++

CMS Preliminary 104 CMS Preliminary
=y 2'0: GE1/1-IV-S-CERN-0001 Detector —~ 1.0 -
:f 1.8- Gap configuration 3/1/2/1 mm 3 r
\FP, "~ Gas Mixture: Ar/CO, (70/30) - 5 L/hr g 102;
. Irradiation at GIF++ =
% 1'6; 0337i13.1aTqun 2015) % i
- 662 keV v (10 - 30 kHz/cm?) f
(D 1 4; InitiaIZa:gain =2x 13:3”" 4(]_)' 1 00: ﬁ
7] u 2 o
c 1.2- S 0.08" 8
G o s S
-U ’ 2 '8.. D_ [ p B ~
e - . 8 0.96— ™% o
= 0'85 ks ' %
@ 0.6 + Normalized and Corrected Gas Gain E 0.94 ’ =
=0 4i A I % Normalized Gas Gain %D
§ 02 + Normalized Gas Gain % 0.92; % ; o io
— [ emperature ressione e
' " The spikes marked with a star (*) indicate an exchange of the gas bottle Z [
0_||||\||||\\()r|||||||||\\\\\| 0.907| | 1 | | | | ‘ | §|
00 10 20 30 40 50 10/06/2017 14/06/2017 17/06/2017 =
. (]
Accumulated Charge (mC/cm?) Time (day) =
c
=
The gain fluctuations (Gain) clearly follow =
. ’ . . [
Jeremie’s Aging Studies + new Aging Test the ratio temperature over pressure (T /P) e
(6 months of continuous tests) (4 month of continuous tests) G B Greal.
~ 55mC/cm? ~ 55 mC /cm? meas-— A -exp(B-T/P)

N
(@)}

Temperature / Pressure Correction

NO aging observed up to ~ 110 mC/cm?




Temperature / Pressure Correction

The relation between the measured gain G,,,.4s and the real gain G,.4; is given
by: L _—_ |

G _ Greal.
meas-— A.exp(B-T/P)

where A and B are experimental constants depending on the gas and on the
temperature range. They are determined by fitting the exponential functions of
T and P plotted:

20/02/2018
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Preliminary Analysis @ 904-Lab.

R/O sector under test: in = 6,

GE1/1-X-S-CERN-0002 - R/O sector g, io1 LHC year
9 3 4 5 6 7 8
\

(=]
—_

76% of MEO operation at the HL-LHC /

a—ry
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Integrated Charge [ mC/cm? ]
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e

06/09/2017  06/10/2017  05/11/2017 05122017  04/01/2018  03/02/2018
Time [ day |

X-ray Aging Test @ 904-Lab
(82 days of continuous tests)

~ 214 mC/cm?
NO aging observed up to ~ 214 mC/cm?
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Normalized Effective Gain

ip=1-fer++ ~ 3.1

Integrated Charge Rate @ 904-Lab.
CMS Preliminary

2.0 T GE1/1-X-S-CERN-0002 detector
1.8 Gap configuration 3/1/2/1 mm
1 63_ Irradiation at 904-Lab.
b 22keV X-ray(10° Hz/mm? @ 30cm - 50keV/1uA )
1.4 Initial gas gain = 2 x 10*
1.2
1.0
0.8
0.6~
0.4F Detector (Ar/CO, - 70/30 - 5 L/hr)
0.2F
L1 | | | | | | | | | | | | | | | | | | | |
0'00 50 100 150 200

Accumulated Charge [ mC/cm?)
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Preliminary Analysis @ 904-Lab.

R/0 sector under test: in = 6,ip = 1 - fepey ~ 3.1
CMS Preliminary
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Preliminary Analysis @ 904-Lab.

R/0O sector under test: in = 6,i¢p = 3 - feipeqe ~ 1.9
GE1/1-X-S-CERN-0002 - R/O sector inf, i3 LHC year
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Preliminary Analysis @ 904-Lab.

R/O sector under test: in = 6,i¢p = 3 - fgip++ ~ 1.9
CMS Preliminary
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Preliminary Analysis @ 904-Lab.

R/0O sector under test: in = 2,i¢p = 2 - non-irradiated sector

GE1/1-X-S-CERN-0002 - R/O sector in2, 2 LHC day
0 5 10 15 20 25 30 3
3 [ \ A R B L B
- /
25 /

ro

/

Integrated Charge [ nC/cm? ]
1T

o

—

N

Pl

\\\\il\\\‘\\I\‘\\\\il\\\‘\lll#

o

06/09/2017

| | | | | |
06/10/2017  05/11/2017 051202017  04/01/2018  03/02/2018
Time [ day |

X-ray Aging Test @ 904-Lab

(76 days of continuous tests)

~ 2.8 uC/cm?

Normalized Effective Gain

NO aging observed up to ~ 2.8 uC/cm?

Integrated Charge Rate @ 904-Lab.

CMS Preliminary

- GE1/1-X-S-CERN-0002 detector
— Gap configuration 3/1/2/1 mm

L Irradiation at 904-Lab.

"OF 22 keV X-ray( 10° HzZmn? @ 30cm - 50keV/ 1A |

C Initial gas gain = 2 x 10*

Detector (Ar/CO_ - 70/30 - 5 L/hr)

0 05 10 15 20 25

Accumulated Charge (uC/cmz)

20/02/2018

4+
o
'_
[e1Y]
=
[eTY]
<<
o
wl
=
1
v
(]
=
£
=
—
LN
o
o

(99)
N




Preliminary Analysis @ 904-Lab.

R/0O sector under test: in = 2,i¢p = 2 - non-irradiated sector

35 CMS Preliminary
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Schedule @ 904-Lab.

Current Irradiated Schedule ( September 2017 — January 2018 ):

~18h of continous irradiation per day (ef ficiency ~ 75%)

R/Osectorn = 6,0 =1 > R(Qine)759 = 1.8 mC/cm? - day

= Extending the Aging Test up to April, you could reach an integrated charge of
about 350 mC /cm? with safety factor ~ 1.2

20/02/2018

R/O sectorn =6, = 2 > R(Qine)759 = 4.3 mC/cm? - day

= Extending the Aging Test up to April, you could reach an integrated charge of
about 850 mC/cm? with safety factor ~ 3

R/O sectorn =6, = 3 > R(Qint)759 = 0.8 mC/cm? - day
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= Extending the Aging Test up to April, you could reach an integrated charge of
about 180 mC /cm? which represents ~ 64% of the total MEO operation
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