Aging tests of MSGC detectors
at Mons university
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Tests framework

FW MSGC tracker of CMS experiment
1995 -, 1999 (design change) =) aging tests @Mons

é max charged particle rate :

=5 10 5 10* Hz/mm?

é max current density :

=0.5 - 0.1 nA/mm?
¢ max accumulated charge (10 years@LHC):

=100 -~ 20 mC/cm of anode strip
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Kind of substrates (1) active area 3 x 3 cm?

GLASS

s Bare borosilicate glass
Desag D263 =10'70/sq

¢ DLC undercoated

DESAG = 1014Q)/sq
+ strips : Cr or Au
from IMT / CH 2000 & $ i | -
(SURMET coating) ML; N
< 500 um >
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Kind of substrates (2) active area 3 x 3 cm?

¢ semi conductive glass
= 1013 Q/sq 200 um
= Au strips

e N I M O

. . 6000 A 1 | |

kindly provided by | |

Dr Lev Shekhtman 1 |
L] . ' J W T ) .
(Novosibirsk)
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Gas boxes (1) : stainless steel box

Top Plate (Stainless Steel)

Metal-glass feedthrough connectors

Window (50 um Al)

Indiurn Jolnt

gas box body (stainless steel)

P Gas tubes (stainless steel)
screwed in the body

Indlum Jolnt

BOX1

SHV connectors

Class Substrate
electrical contacts (EPOTECNY 204)
passivation (EPOTECNY 505TT)

BNC connectors

Bottom Plate (stalnless steel)
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Gas boxes (2) PEEK BOX

Peek Frame
Peek Frame
Peek Support — — Substrate
==t =
In Gas - Al = — - = Qut Gas

Stainless steel box
+ PEEK inside
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Gas circuit ( beginning 1996)

Ar-DME or Ne-DME (50-50)

Flow Rate: 4 I/h

Basement Wall Panel 2 im S8 Filter Gas Rack
P Detector In
Air Liquide % ‘j SS Mixer
< 2ppmH0 SSBelowsValve g5 mass flowmeter 2 um SS Filter
< 0.3ppm Oy X SS Bellows Valve joint: Viton
< 0.6 ppm N2
< 0.01 ppm Hy

< 0.02 ppm CHg

Gerling Holz

100 ppm H2O
50 ppm Ch-Cy
10 ppm Swid

< 1 ppm Methanol

ININIA

SS Bellows Valve  SS masss flowmeter
Dimethylether % $S Bellows Valve S| Joint: CHEMRAZ
99.9 % -0 2 um S Filter

VACUUM PUMP

Detector Out

HONOARRRRRRR R R
15 m stainless steel tube & 3mm

* sealant : TFE paste
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decompression box

. IF Ar ONLY o—(i ﬁ j)—>OUT
OUT or connection ,
IN measuring

to measuring apparatus L
g app circuit

H20O meter  Oxymeter

<2ppm
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Gas circuit simplified step by step (beginning 1997)

Gas Rack
Air Liquide

Argon N57 Neon N50 o 2 um SS Filter

< 2ppmH0O < 2ppmHO
< 0.3ppm Oy < TppmOy
< 0.6 ppm Ny < 4ppmN;
< 0.01 ppm Hg < 2ppmHs o
< 0.02ppmCHs < 0.5ppm CFy joint: Viton

< 0.1 ppm CO

< 0.2 ppm CpHp,

< 0.2 ppm COq

~ 30 ppm He

Flow Rate: 4 I/h max.

Detector In

|

P) (@
Oxhydrique el
yarnq SS Bellows Valve  SS mass flowmeter
< 9.6 ppm H0 int -
<10 ppm hydrocaroons Dimethylether Joint s CHEMRAZ

< 10 ppm air in lig.phase >99.9 9 .
< 5 ppm halogenated hydrocarbons 9 % 2 um SS Filter

L (YN =heafing wires

- lines shortened

- TFE selant removed

- mixer suppressed

- N0 more connections to vacuum pump
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MSGC irradiation by means of X-rays

X-ray tube : Fe / Cianode - 6.4 / © keV

P R

irradiation spot :
S <@ 1 mm?

05/0.7/1.1 mm O Pb shutter
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MSGC readout

PH = pulse height
measurement

@low X rate —
absorber

Icath = cathode
current signal

@high X rate

IcaTh - IToT B Idar'k

Pb shutter

L O +HV
All anodes 1ovomm 1ononm Bertan 375X
— 23%0u 4700F current monitor
Cathode group ?Ezefc Multimeter
B - o ‘ Keithley 2010
33, 100 ou 200
kOhm
I Ortec
474
Digital L linear
voltmeter fan in/fan out
Kelthiey | TEKTRONIX
e TDS/544A
Model 182 : 1nV sensitivity
current precision = 0,01pA
Discriminator
? Scaler
Timers
I I G R | Gate| o |
C N Oe o .
B sl [p||ve| ||c|h | Peaksensing ADC
=" AF 'B i S lc 2259A [ 2259B
) g ! ? —£ Input
' »Pb shutter
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RESULTS (1) :

Bare DESAG / Cr strips
GAS BOX #1 Ar-DME(50-50) 4I/h

substrate # 2
-500V/45mm 6=1400

1st test (end 95) .-} : e =3nAIMIm2...
substrate #1 .T | e =4nAImm?
o i T =3amm?2
-1000V/9mm  6=1400 | px ; _
higher drift field
-1500V/4.5mm 6=1200 025 |
| |

Aim = 0% @100mC

0 i i L1y | TS0 T I W L0 S 1 LS, T A G 0 O
O 0.5 ’ 1.5 2 250 . e e
accumulated charge (mC/em strip)

Oct. 2-5 2001

Gain loss : 257% @2.5mC/cm strip
quasi no change compared to 1st test
better: <20% @2.5mC

noloss: 05 - 2.5 mC
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Bare DESAG / Cr strips
GAS BOX #1  substrate # 2 -500V/4.5mm 6=1000

Ar-DME (41/h) 5 = 4nAfmm
| flush (11/h) | - = AnAmiy
Ower' as us 5 i
’ ({i7h) i = TORATM?
PH i

Ne-DME (41/h)

occumulated charge (mC/cm strip)

Gain loss: < 20% @2.5mC  noloss: 0.5 -~ 2.5 mC/cm strip

worse : sign of pollution
ase @start (30% 0 -2mC 10% 2 - 6 mC)

quasi no change compared to Ar

fast de

(\

Cre

(\
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Bare DESAG / Cr strips

s P | | Same result from PH or
g 075 e R .. SRS S Tcath measurement
!‘ !
05 | pulse-height:
025 [ cathode current . o .
: @irradiation points :
o vl va oo F g wen Freg g £, 00y ]
L :

Coe e anode strips = faint
brown discoloration

CHARGE (mz/ cmstrip)

- w
-
W
|
"

1 1

5

.
III
L]
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Results (2) : semi-conducting glass / Au strips
GAS BOX #2  -1000V/9mm  6=1000

Ne-DME (4l/h) -
Ar-DME (4l/h) %7

)W :
N .
Desag Ne-DME .
' =7nA/mm?
0.25 | - ; = 10nA/mm?
s st b s el S ADAIIE.
"0 25 5 75 10 125 15 175 20 225 2
harge accumulee{mC/cm strip)
Very few aging : Gain loss = 14% @23 mC/cm strip
worse : sign of pollution ...
better compared to bare DESAG

Good result obtained despite pollution (TFE + box#2)
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semi-conducting glass / Au strips : end of tests

N.B. Substrate found broken (fixation springs too tight)
influence on aging ?

@irradiation points :
Anode strips covered

#_'_______,‘/ bY a blGCk depOSIT
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RESULTS (3) : coated DESAG / Cr strips (10nA/mm?)

' \ G =1500 Ar- DME Gerling Holz 4l/h
0 h"'-;,_ ......... o - - id. Air Liquide
]c: o | T e | 3dtest ~ PHmeast™
i '
Q o35 | | - |Very fast aging : gain loss
t Gasbox#?2 ‘ yTastagms - gam’
h pbeawalea v, vt | |=50% @5 mC/cm strip

‘J ‘ S G =1000
0.75 b 0 . - sub.2 Ar- DME
l] 0.5 L : T ; ! Ar- iC4HlO
" sub. 3 Ar- DME(Messer)
e Pl susiln bprid ok RS DU OO T Catastrophe |

0.2 04 0.6 0B 1 1.2 1.4 16 1.8

agcoumuloted chorge [mC//cm strip)
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Gas box #1 +tube heating  coated DESAG / Cr strips

e—— |

End of DME bottle sparks Quasi no aging

i |
L 0.5 #

but sparks appear |

Sub.4 (1) (2)

'._. * . .
S 075 | ~ .~ |Quasi no aging
' |
| . |and many sparks occur for
| | :
;_ - |both gas mixtures !
o2 - Sub.b  Ar Ne |
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Gas box in PEEK coated DESAG /Cr strips Ne-DME(50-50)

Sub.6 G =1000

z | *"\ A o
L “l : *
= HPM-""‘L. ™
- B e L Decrease of Icath
L. - =9nA/mm? .
= 2 PO”UTIO“ + & Sparks |
Lhd s ‘ .
e i \ | discrepancy PH / Icath
_i b a i+ I ',I=: AP = N
- A Scan after aging :
o s ‘1’ E confirm meast.from PH
2 5 & depend on HVa ?
0.8 L AR O o v by o Ly Lo - ]
' -l 'I:i 1J|::- 12 14 16 '-Ia 20

Oct. 2-5 2001

H position [mm)
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coated DESAG / Cr strips

Sub.12 3:

discoloration of anode strips

Sub.4 &5

-

Oct. 2-5 2001

sign of sparks L/\

—
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RESULTS (4) : coated DESAG / Au strips
Gas box #1 PEEK support == -3000V/3mm Ne-DME

- subl G=3000

cath o l_ Very fast aging : gain loss =

— _ ~1ENA/MMm? 150% @ 3 mC/cm strip Il ?

Y l-l 1 1 1 1 d 1 1 I 1 1 1 I 1 1 1 ] 1 i 1 1 ] ] 11 1 _I
i

Visual inspection @irradiation
points : no sign of aging !

But passivation glue darker
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Gas box #1 PEEK support coated DESAG / Au strips Ne-DME

Sub.2 : no passivation glue

i —— G=3000 | |Once more : very fast aging |

cath | 25% loss

| the real loss seems not so big :
o =8nAlmm? plateaux before and after aging
o + mean Pulse Height @ low rate
—~ loss of gain (HVa)

F | i
.n-ttt+i“* ] A

520V 580V
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Gas box #1 PEEK support coated DESAG / Au strips Ne-DME

Sub.2: 2tests @ lower HVa (520V)
| Puea: So—r (e | G =1000

SN fast aging from Icath

e | \\ monitoring @ high rate
" M

lower aging rate from PH

N R R oo measurement @ low rate
=8nA/mm?
= lg-'.“'t'."""-'-'-"‘:"‘a---
::J.: LS :

gain loss = =10% @ 20 mC/cm strip

4 |

02 :‘

il r i 1 | I 1 ! L__§ ) 1 1 1 1 | 1 ]
L 5 10 15 20 25
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coated DESAG / Au strips

anode strips

l

black edges

et
—
. e
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RESULTS (5) few months later : bare DESAG / Au strips
Gas box mix Ar-DME (50-50) 6Ii/h

-1500V/3mm  +540V G=1000

| Lids | |
i L f ' \Wﬁ“‘

B roved LD | | M
Progressive increase of : 00 300 400 500 600 700 600
irradiation rates : Variations of relative gain =
019 . 034 - 077 - 177 Idark fluctuations mm) T°
~ 2.0 nA/mm? E |

5 02
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Gas box mix bare DESAG / Au strips Ar-DME

Quasi no aging from Icath
monitoring @ high rate

same aging rate from PH
measurement @ low rate
(except =10% initial decrease)

-
.I'I
o
L3
_* i H -
3 L B LT S P
o Vg
T Li | i
23 a a (I
ance parallal strips mimi

_ : A .. T - galn IOSS - :100/0 @ 20 mC/Cm STr'ip
[ VORI SNRRUVUN. - SOOI JOVRURYIN: JUOTURUUUIL: SN . (Cor'r'esponding +6 The iniTiGI loss)

|,-_|.' i 1 II ||-|I |ll-|||ll||-_||__||___|| |

8] 2.0 2 f . 10 12.5 15 155 20

Qace (mC/cm strip)
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Conclusions in our set-up :

1/ Many parameters seem to play a role in MSGC aging |
+/- correlated to a possible pollution of the gas set-up

2/ no significant difference between Ar-DME & Ne-DME

3/ DLC coating doesn't increase the detector lifetime
equipped with Cr strips |

4/ best results obtained with :

semi-conductive glqss} equipped with Au sirios
bare DESAG glass
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* Be aware of the importance to get a very clean set-up

* be patient ...

Questions

1/ What are the optimal electrical potentials of the detector
to study its aging? position on the plateau, gain ?

2/ What are the optimal irradiation settings ?
(acceleration factor, surface of irradiation ?)

3/ Which parameter has to be measured as aging sign ?

4/ Does aging include sparking ?

we
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