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ALICE TIME PROJETION CHAMBER (2006)

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:29:42

Fill : 1482

Run : 137124

Event : 0x00000000271EC693




MULTIWIRE PROPORTIONAL CHAMBER (MWPC) TWO-TRACK RESOLUTION

CHARGE INDUCTION ON
THIN ANODE WIRES BETWEEN TWO CATHODES: CATHODE PLANES:

2-D LOCALIZATION

. G. Charpak and F. Sauli
Nucl. Instr. and Meth. 113(1973)381

G. Charpak et al, Nucl. Instr. and Meth. 62(1968)262
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TWO-TRACK RESOLUTION

TIME PROJETION CHAMBER (TPC)
FIRST TPC: PEP-4 AT SLAC (1975)

D.R. Nygren and J. N. Marx, Physics Today No.31 Vol. 10(1978)

1735
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ALEPH TPC AT CERN-LEP (1989)
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D. Decamp et al,Nucl. Instr. and Meth. A294(1990)125




TIME PROJETION CHAMBER: FULL 3-D LOCALIZATION TWO-TRACK RESOLUTION

Z: DRIFT TIME AZ~ 10 mm (200 ns):

\

X: PAD ROWS AX~ 10 mm:

Y: ANODE WIRE /\
AY ~ 4 mm / \

8 mm \
VOLUME RESOLUTION: J \
N R T I E

~ 3 | ——
AVZ 50 mm 8 4 0 4 8 mm




RATE-DEPENDENT GAIN REDUCTION SPACE CHARGE

SPACE CHARGE NEAR THE ANODE:
BUILDUP OF SLOW POSITIVE IONS RELATIVE GAIN AS A FUNCTION OF RATE:

MODIFIES THE ELECTRIC FIELD 12 e '”””'DCQai'n-'rgFﬁa”

Ar-iC4H]0 70-30

e It 1 }_—-}—%}%_H{%‘ﬁ'-
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10? 10° 10* 10° 10° 10’
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A. Breskin et al, Nucl. Instr. and Meth. 124(1974)189
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POSITIVE ION BACKFLOW SPACE CHARGE

>>Fe SOURCE 1 cm FROM ION COLUMN

LATERAL DISPLACEMENT OF ELECTRONS 10 cm DRIFT
DRIFTING NEAR A POSITIVE IONS COLUMN

R (counts/sec)

10* 4
15 2.10

ax(mm)  Displacement

S
~

0.2

0 ] ! ! ! ! ! ! ]
0 05 1 1.5 2 25 3 35 4

p(pClem’)  Charge density

D. Friedrich, et al, Nucl. Instr. and Meth. 158(1979) 81
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POSITIVE ION BACKFLOW RELATIVE DRIFT FIELD MODIFICATION RES¥Nel=Ne I\:lcl=
(ALEPH MWPC-TPC)

SLOW POSITIVE IONS ACCUMULATE IN 04 ionsfield variation
THE DRIFT VOLUME AND MODIFY THE i
FIELD RESULTING IN TRACKS
DISTORTIONS:

02 |

0.0 |

02 | /
_ R=2.10°s"m>
I w=15ms"

204 / M=10" £=0.1

i / E=10'Vm
0.6

l, 08 L
______ 0.0 0.5 L0 5 2.0

...... sl

AE/E %

GATING:
ADD A WIRE MESH WITH VOLTAGE-
(ONS BACKFLOW RATIO  [BF = Jowirt. CONTROLLED TRANSPARENCY

ANODE

1 » POSSIBLE AT LOW RATES:
THE WISH: IBF < GAIN ~10 Maximum electron drift time
MWPC: IBF ~ 30% < Time between events
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SECONDARY PROCESSES SECONDARY PROCESSES

PHOTONS FEEDBACK:
AVALANCHE SPREAD

IONS FEEDBACK:
CATHODE DAMAGE, AGING, .....
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TRANSITION FROM PROPORTIONAL TO STREAMER SECONDARY PROCESSES

prop-SQS transition
Ar(80)+C H (20)

o
i X-rays g® i
- ® B-rays (0°) a ¢
; a-rays (0°) a & 09399° :
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N. Koori et al, Jap. J. Appl. Phys. 25(1986)986
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THE RAETHER LIMIT SECONDARY PROCESSES

Maximum avalanche size before transition or breakdown:
Qua=(Primary ionization)x(Gain) ~ 107 e

anode-cathode gain
I l I l I I l

Typical proportional gain ~ 104

10° |- N
Fast particles AE ~ 2 keV: y Sense Wire O
Q=(100)x(10%)=10° = & x 20 um =
6 4 30 um
Neutrons AE~ 2 MeV 10" |- 4 50 um 7
Q=(10°)x(10%)=10° ° 100 pm
B * 175 um )

Multiwire structures:

FIELD WIRE GAIN
5&
|

3

Cathode pre-amplification of field 10 A
emitted electrons 10* |

O/\O 100 i

| | | | | |
Mc M. 10" 10° 104 10°
SENSE WIRE GAIN
M=M x M,

P. Giubellino et al, Nucl. Instr. and Meth. A245(1986)155
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BREAKDOWN SECONDARY PROCESSES

SPARK DAMAGES IN MWPCs:

Fabio’s Museum of Horrors
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AGING SECONDARY PROCESSES

Polymerization of organic compounds with formation of deposits on thin wires:

I. Juric and J. Kadyk, LBL-21170 (1986)141 M. Binkley et al,
Nucl. Instr. and Meth. A515(2003)53




MICRO-STRIP GAS COUNTER MICRO-PATTERN GAS DETECTORS MSGC

Anton Oed, 1988

10 um wide anode strips, 50 um cathode
strips at 100 um pitch on glass substrate:

SUBSTRATE

BACK-PLANE

A. Oed, Nucl. Instr. and Meth. A263(1988)351
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MSGC TWO-TRACK RESOLUTION

SIGNAL WIDTH:

=

200 pum pitch

wn

AX~1mm
AY~1 mm

Relative Pulse Height
o

'
wn

——>{e— FWHM ~ 400 um

'
o

FAST SIGNALS ~ 30 ns

a5k '
- 4 ] AZ~ 2 mm

_30 : L1 1 1 l L1 1 1 l L1 11 l L1 11 l L1 11 | L1 11 :
0 10 20 30 40 50 60
Strip number

Volume resolution

R. Bouclier et al, Nucl. Instr. and Meth. A367(1995)163
(1995) AV~1x1x2=2mm?3
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MSGC RATE CAPABILITY

FAST COLLECTION OF MOST IONS ON CATHODE STRIPS:

GAIN VS RATE
MWPC-MSGC Rates thick
= '
3 :
1 = 2 3 T
= ' \{N\ } ¢
= :
< |
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[ - }* l\*
MWP \ \
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0 | |
102 10° 10* 10° 10° 10’

R. Bouclier et al, Nucl. Instr. and Meth. 367(1996)328
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MSGC LIFETIME

MSGC GAIN vs COLLECTED CHARGE:

msge gain-res vs charge

1.10 . — —_—
! Chroimium strips 01'1 S-8900 glass' 0
= I Argon-DME 90-10 @
5105 T 709 BUT: EXTREME SENSITIVITY TO
E & CONTAMINATIONS
% g msge gain-charge clean-fibre
50 3 = Ar-DME 90-10
[ < 8 Clean box
0.90 | | w £
O Resolution 8
Vi 1
. = o8k
6 o ' i \ Fibreglass box
i i
0.80 | ' | ll I 20 0.6 i
[ i
- 1
0.75 : ~1012 MIPS cm! 110 04 E
L 1
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Charge (mC cm ™) !
1
0'0 " i " " " " " i " " i T " " " i " " i i
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R. Bouclier et al, Nucl. Instr. and Meth. A367(1995)163 Charge (uC/cm)

R. Bouclier et al, Nucl. Instr. and Meth. A348(1994)109
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MSGC DISCHARGES

PRE-AMPLIFICATION OF ELECTRONS
EMITTED BY CATHODE STRIP EDGES

MINIMUM IONIZING
PARTICLES

Q= 100 x10%=106 . N>~ MeV p
Q~ 10%x 10% = 108

I
i
i

1/ 7~
’ o

- Field emission
~10%x 10% = 108
RO L H
CATHODE

\\\liln7#
\\ ) YJF\//
M@\\\'/ " E

SUBSTRATE,

BACK-PLANE

T. Beckers et al, Nucl. Instr. and Meth. A346(1994)95 Fabio’s Museum of Horrors




NEW MICRO-PATTERN GAS DETECTORS MICROMEGAS

MICROMEGAS

Thin (50-100 um) multiplication gap: COLLECTED CHARGE DISTRIBUTION :

~ 200 um fwhm

07 F
- x
A 0.6 F
it i 05
! AU -
0.4
0.3 [ .
il 02 E
100 um ||| -
M 0.1 F
0:l *I'lllll_ﬂTllLlJ_lL
L4 0 2 4 6 8
Cluster size
100 um pitch
Y. Giomataris et al, J. Derré et al,
Nucl. Instr. and Meth. A 376(1996)29 Nucl. Instr. and Meth. A459(2001)523

Fabio Sauli — Problems and Solutions - Scuola F. Bonaudi — Cogne, 22-27 febbraio 2016



GAS ELECTRON MULTIPLIER (GEM) -

Thin (50 um) metal-coated polymer foil FAST ELECTRON SIGNAL ON ANODE STRIPS
with high density of holes: (NO ION TAIL):
.

M e~ DRIFT

GEM
Il EE N

INDUCTION

-1 : |

F. Sauli, Nucl. Instr. and Meth. A386(1997)531
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GEM TWO-TRACK RESOLUTION -

TWO-TRACK RESOLUTION
(DRIFT TIME):
30:ns ~ 1,5 mm 10 ns TWO-TRACK RESOLUTION
= : s (PROJECTION):

A

.

SINGLE GEM

pulse height in V

0,04+

00 200 400 600 80,0 1000 1200 00 200 400 600 800 1000 1200 O,

o 2 mm INDUCTION GAP
timeinns timeinns et 0.4 200 pmlSTRlPS PITCH
8 o | |
M. Ziegler, PhD Ziirich Univ. (2002) z j[ f fwhm 400 um
06

-0.8

VOLUME RESOLUTION ~ 1 mm?3 1

2 3 4 5 6 7 8
POSITION (mm)

A. Bressan et al, Nucl. Instr. and Meth. A425(1999)262
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GEM RATE CAPABILITY -

GEM GAIN vs RATE (SOFT X-Rays)

1.20
1.10 | "
[ ﬂ "
I L_ Ol I I I 1!
z 1.00 T T 1 T II|
5 | i,
@ 0.90 [——SINGLE GEM i
E : AV .\, =-407TV : >1 MHz mm™
< I -
d 0.80 | VDR":T 2000 V I
[ _ Ar-CO2 (70-30) I
0.70 [ -
I I
- I
0.60 | | !
: Pulse Height | Current . :
107 10° 10* 10° 10° 1 10

RATE (s 'mm?)

J. Benlloch et al, IEEE NS-45(1998)234
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GEM RATE CAPABILITY -

A STRANGE OBSERVATION: GAIN INCREASE AT VERY HIGH RATES
(2006, UNPUBLISHED)

Ar-CO, 70-30
21000 E_=E_=3.25 kV/cm
1| E,.= 5-5kVicm
18000 _J Ener= 350 Viecm
5
©  12000- M
w 9000 : e
6000 -A-A—A-AMMY 1N v
3000 ] I

Rate (Hz mm?)

Peter Everaerts, PhD Thesis Gent University (2006)
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GEM RATE CAPABILITY (SIMULATION) -

- COMSOL Finite Element Analysis
- GARFIELD

SPACE CHARGE BUILDUP:

0.1 MHz/mm? 1 MHz/mm? 10 MHz/mm?
201 o ——l 1 e .+ 10
12000 ———r ———ry ———r
electrons +—— -t
_ _ _ |ons [P -
3 E] E] .
g ‘a ‘@ L - ]
2 : 1000 - =
5 . 5 . 5 o Effective Gain ] .
) 8 'y £ - 4
5 | £ 8 8000 Gerr=la/(Rxn;xe) o
c c c E
pe e < 5 { I I 12528 °F *
2 6000 | .
4]
C
0 2):0'-‘«7:0&-;:"‘6 zox,-n:oocuc"o g
3 4000 . -
© R ERTEI T .
. ]
2000 | lons per primary electrons e - i
"
Gi0n=|c/(RanXe) ¥ ox L
* x
O " 1 MR | 1 L a3 sl L I L 1l 1 I PR 11
0.001 0.01 0.1 1 10

X-ray flux (MHz/mmz)

S. Franchino et al, IEEE Nucl. Sci. Symposium (San Diego, Oct. 31, 2015)
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MPGD DISCHARGE STUDY AND CERTIFICATION
TEST BEAM: EFFICIENCY AND DISCHARGE RATE VS

DISCHARGE RATE ON EXPOSURE TO HEAVILY IONIZING SOURCE ;

INTERNAL OR EXTERNAL?43Am SOURCE
(REQUIRES THIN WINDOW)

GASEOUS o SOURCE: 232Th->232Rn+a. (6.4 MeV):

232Th CARTRIDGE
> &% —

MPGD

VOLTAGE

LABORATORY: MEASURE GAIN WITH 5.9 keV X-RAY SOURCE, 250 e

200

" o s s

150

100

50

- ————— —_——— -
e
LY
Lot

0 Ladnagant e st
0 : 4 :6 E (keV)
5.9 keV

ENERGY LOSS IN 3 mm GAP:

Alpha spectrum MeV
100

CERN-PPE-TA1-GD
719198

J M’lﬂwﬂlﬂnnﬂm wn 1l

0 05 1 1.5 AE (MeV) 2

6.4 MeV o from *°Rn

Counts

Fabio Sauli — Problems and Solutions - Scuola F. Bonaudi — Cogne, 22-27 febbraio 2016



LABORATORY TESTBENCH FOR MPGDs

MICROMEGAS:
Micromegas gain-disch QUAD
10° it i swatioentudly,
L-MICROMEGAS
£ [ Aric H 90-10 L 5
& 4710 & loo1s%
+ / N
! @
;' e
! / &
4 ! o
10 ://‘ 0.01 %
CH Y o
~3p00 GAIN* ,'
IS EEEEEEEEEEEEEENENN I Iﬁ-l ‘ DISCHARGE i 0.005
A& i || PROBABILITY
/ E /ls
10° - 0
340 360 380 400 420 440 460 480
V_(V)

A. Bressan et al.Nucl. Instr. and Meth. A424(1999)321

10° Gain-Vgem-alpha BIS Gl
IIIIII i 0-04
c
&
0 0.03
E /./ E !
2 DISCHARGE /...
. PROBABILITY ! 0.02
102 : !
] II
: 5 0.01
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10/ e
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MICROMEGAS DISCHARGES MICROMEGAS

SPARK PROBABILITY IN HADRON BEAM

1.00E4- — : —
a
[
1.00E-5 ! - . !
] ' [ 3 L
7, Lo Ay :
FOR A GAIN OF 5.103 = ik I
106 PARTICLES s°!: i s : |
~ ONE DISCHARGE / SECOND g . i+ 10% 180
£ | Ar +10% Iso |
§.1.00E-7‘ : *
-
He % 200 |SO
1.00E-8- ket s e
1 E @
1.00E-9 bttt bt .
1000 10000 100000 300000
510° Gain

A. Delbart et al, Nucl. Instr. and Meth. A478(2002)205
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DISCHARGES: RESISTIVE MICROMEGAS MICROMEGAS

SPARK RATES IN NEUTRON BEAM EXPOSURE:

BUILT ON A HIGH-RESISTIVITY POLYMER Non-resistive MM (Ar:CO, 85:15) Neutron flux = 108 Hz/cm?
|- Gurent Standard MM

0
o

n

Mesh sup pillar Resistive strip
/m /05—1 00 MQ/cm

Current (uA)

-

05 f
Insulator Cu readout strip [
0 L 2aar ]l s [l 400
Embedded resistor Resistive Strip 66000 67000 68000 69000 70000 71000
50 MQ 5mm long 0.5-100 MQ/em Time (s)
or vuy
. Resistive MM
25} _
il \ : 550
A \ < 2f
GND Copper readout strip 3 i ;
= S
c15F gl
515 k00 S
S [ = R curent y
O ' —Ri1HY i
| - 450
05 F o

ol - 400
66000 67000 68000 69000 70000 71000
Time (s)

T. Alexopolous et al, Nucl. Instr. and Meth. A640(2011)110
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RESISTIVE MICROMEGAS MICROMEGAS

GAIN REDUCTION AS A FUNCTION OF RATES:

1.1

gain = 5250 gain = 1950 gain =450
I i &
09 \ } ‘kii ;
. NORD
) \ \\@?\\BD
0.6 \

50% gain drop \ \é
05 Vm=440V —B—
Vm=500V —6— N
Vm=530V ——~

10 100 1000 10000 100000
Flux [Hz/cm2]

Normalized gain

04

J. Galdn et al, Nucl. Instr. and Meth. A732(2013)229
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DISCHARGES: MULTI-GEM _

TRIPLE-GEM (TGEM): CASCADED GEM ELECTRODES

(]

DRIFT e ————

ED DRIFT 0

GEM 2 i e e
ET2 TRANSFER 2
GEM 2 e e
El INDUCTION
READOUT l = — — — - |

C. Biittner et al, Nucl. Instr. and Meth. A409(1998)79
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DISCHARGES: MULTI-GEM

105 Multigem gain-discharge 1 10_4
| 1. : <
= i 0 S
O A ; ! E
w ' .-' : =
- .-' ] =
2 = .-' . &
t 104 ' i 10 gi
w : o
"' :
i 5
] ll E
DOUBLE GEM ! =)
103 R S P : .' ’ 10'6
SINGLE GEM
A~k k-Ak-A 1
m----- N- - - -l
10? i 107
360 380 400 420 440 460 480 500 520
AV ON EACH GEM (V)

S. Bachmann et al, Nucl. Instr. and Meth. A479 (2002) 294
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COMPASS TRIPLE-GEM IN HADRON BEAM _

2 10° ]
£ Triple GEM
| 107} :
o Ar/CO, (70/30)
c.
&
= L0} ] .
5 10 G=10000
;s 11
10 "+ .
12 |
107 = 1o discharges =
observed
10" g o g g o N :
10* 10
gain

S. Bachmann et al, Nucl. Instr. and Meth. A470(2001)548
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DISCHARGES: MULTI-GEM _

WHAT ABOUT THE RAETHER LIMIT?

DISCHARGE PROBABILITY V5 GAIN: IN MULTI-GEMs, THE CHARGE SPREADS BY
DIFFUSION OVER MANY INDEPENDENT HOLES!

Disch S-D-TGEM

510° - - -
>410°
g l NN N - -
g QNIlos Qm109
2310 I
o
@
g P ~107 : Triple GEM !
8 2 4073 e ———
o) Double GEM :
- Single GEM ' E
110° § §
| } :.' ‘.'
0' ¢ € ..’
10? 10° 10* 10° 10°

Effective Gain
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MICROMEGAS+GEM

MICROMEGAS+GEM

GEM

TEST BEAM COMPARISON: MICROMEGAS

Hybrid detectors
e¢SP

Important reduction (>10) of discharge probabilities compared to standard MM
sac I a |VGEM=240V |

P f

vor hadron 1 T T

g 10"5— + -H‘ 10‘5- + ,oag_ ’f
CF1RGNe|\D/sz- ’T"fbf—ffj—‘p. 0 'fbff{:‘## 10 T+++—: :ff :ﬁ:
pion beam .*. -T' _{,. _T_-r ‘{'_ -

o7 |
A A A -

|

10’
M. Vandenbroucke
G. Chques

10

gain

107

10’

S. Procureur et al, Nucl. Instr. and Meth. A659(2011)91

Gain

107 F

——

MM+GEM 1 mm

. MM+GEM 2 mm
Ll ll ('}

10’

10
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AVALANCHE SIMULATION: MICROMEGAS + GEM

J

M. Vandenbroucke, JINST 7(2012)C05014
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POSITIVE IONS BACKFLOW: MICROMEGAS MICROMEGAS

THE IONS BACKFLOW DEPENDS ON o " Micromegas 300 Ipi B=IT
AVALANCHE SPREAD, BUT CANNOT BE F Yy Mioromegas S0l BT
SMALLER THAN THE FIELD RATIO: 5% -ty © Micromegas 500 1pi B
E 9
Eg 102
E~400V cm! ?
$
§ 10‘2 presssmmssennssssnnssenss __
E~40kVem! 2 = ]
=]
=
g .
2 : *e
2 s
Al’ - CH 4 9 7'3 N
GAS 1 GAS 2 03l N
Low diffusion High diffusion 10° 10°
P. Colas et al, Nucl. Instr. and Meth. A535(2004)226 field ratio
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POSITIVE IONS BACKFLOW: MULTI-GEM _
IBF AS A FUNCTION OF GAIN:

LURRALL | T T =TT

3GEM+PCB |
85-40-85 um |

THE IBF VALUE RESULTS FROM THE [ .
INTERPLAY OF GEOMETRY, FIELDS AND < 10"
DIFFUSION:

T

e 4 21072

| E=05kViem
10°F @ AY/CF, (90/10)
L AVCH_(010)_ _ _
[ O XelCH, (90/10)
| E;=0.1kV/cm

A AY/CH, (90/10)
R EETT | L1

Ion feedback : lc /1

--1 510°

ul A g

¥ 1

1 4 5

10° 10 10°  Gain

S

A. Bondar et al, Nucl. Instr. and Meth. A496(2003)325

0.006 I,
MAGNETIC FIELD: e Aachen/DESY
. 0005 ﬁi;{ﬁ
£ 0004 }%%}& :
e Eﬁgﬁh
(TR %i—
THE WISH: S 0003 Ef‘xgﬁﬁﬂfﬁ
9 2107 e
1 3 '§0.002_______________________
IBF < ~10" <
GAIN 0.001
0

0 05 1 15 2 25 3 35 4 45 5
BT]

M. Killenberg et al, Nucl. Instr. and Meth. A530(2004)251
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POSITIVE IONS BACKFLOW: GEM WITH OFFSET HOLES _
TRANSVERSE DIFFUSION:

electron-ion diffusion log

EXPLOITS THE DIFFERENCE BETWEEN IONS’ | TT1]
AND ELECTRONS’ DIFFUSION IN AN OFFSET \/\/ ok
DOUBLE THICK-GEM "-. J
§ 100
- ’m
10
0 2 4 6 8 10
OFFSET SCAN: e e’
150 thgem ion backflow 15
'lAuonE
/\,/““\\/\ .
§100 P <y Cg P V™ 10 é
% . / \ :"" ! %
3 / ,,." l"‘v"’ BF I""v ,%
50 5 €
IDRIFT
F. Sauli et al, Nucl. Instr. and Meth. A560(2006)269 o B
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IONS BACKFLOW: ALICE TPC GEM UPGRADE _

BASELINE: FOUR OFFSET GEMs

Cover electrode

GEM 1 = an =

GEM 2 |_%|_] Ery |_%|_] 2mm

GEM 3 e S L | [2mm

GEM 4 = o = 2mm
— Eing readout anode . — 2 mm

Padpere

Strong back

Ar-CO, 70-30: ~ 0.8% Ne-CO, (ALICE): ~ 5%

Ey,-Scan. Scale factor 1.00. Ne/CO2 90/10. AmpTek Mini-X. Nov 21, 2012.
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B. Ketzer et al, Nucl. Instr. and Meth. A732(2013)237
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IBF: ALICE TPC GEM UPGRADE _

QUAD-GEM WITH ALTERNATING DIFFERENT PITCH (140-280-280-140 um)
IBF AND ENERGY RESOLUTION VS VOLTAGE ON THE FIRST GEM:

. 22 ——————1 17— 20 a
L ,gl——o 1
Vel i IBF ~ 1.2 % 118 8
@ 1.8 - A0 o (5.9 keVI) ~10% 116
16 [V - : ® i 114
141 VB8 | -
I A Q- 412
V N O
12} v X, :
1ol Vg2 {10
0.8} 1®
06| | o 1®
ol —e—IBF, U,,=235V ],
! —+—IIBF, U, =255 V'
0.2} 12
[ IBF Ugp=285V -
0.0 bl b = 0
220 240 260 280 300 320
Vaew (V)

ALICE TDR CERN-LHCC-2013-020
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IBF SIMULATION STUDIES FOR PANDA _

TRIPLE GEM OPERATED IN Ne-CO, 90-10
2 107 p-p ANNIHILATIONS  GAIN M=2000  IBF 2.5 103

SPACE CHARGE DENSITY: ELECTRIC FIELD DISTORTIONS:
(a)40
2
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F.W. Bohmer et al,Nucl. Instr. and Meth. A719(2013)101
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RADIATION RESISTANCE: MICROMEGAS MICROMEGAS

SYSTEMATIC IRRADIATION OF SMALL PROTOTYPES:

I : Charge Deposit _

Irradiation with 2 g HL-LHC Equivalent Results
(mC/cm?)

X-Ray 225 5 HL-LHC years equivalent No evidence of ageing
Neutron 0.5 10 years HL-LHC years equivalent No evidence of ageing
Gamma 14.84 10 years HL-LHC years equivalent No evidence of ageing

Alpha 24 5 x 108 sparks equivalent No evidence of ageing

G. lakovidis, MPGD 2013

Gossip ageing using mips from *°Sr source

Gossip 23
Fluence (mips/cm?) Nov 28
ArliC4H10 70/30
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200 -
e /\L m h“-\/—u \L\' G =1000
150 : <7
100
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(]
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RADIATION RESISTANCE: GEM _

LHCb TRIGGER: 20 C/cm?
~ 4 10 MIPS cm™

[

(—]
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M. Alfonsi et al, Nucl. Instr. and Meth. A518(2004)106

Sector 1 : Normalized and Corrected Gain
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A. Sharma and M. Tytgat, CMS Technical Design Report, (2014)
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AND IF YOU WANT TO
KNOW MORE...

F. Sauli
Gaseous Radiation Detectors

http://www.cambridge.org/FAGASEQUS

GEM REVIEW (Open Access):

F. Sauli

The gas electron multiplier (GEM): Operating
principles and applications

Nucl. Instr. and Meth. In Press (7 Aug. 2015)
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